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SYSTEM OF THE WOEE®. 


IT was the unlient opinion of not a few^, in the earlieft 
igt's of philolbphyj that the fixed flars ftood immoveable in 
he higheft parts of the world ; that under the fixed flars the 
ilanets were carried about the fun ; that tlie earth, as one of 
the planets, ^feribed an annual courfe about the fun, while 
by a diurnal inbK||ioii it was in the mean time revolved about 
Is own axis ; and that the fun, as the common fire which 
Served to warm the whole, was fixed in the centre of the 
|liniverfe. 

This was the philofophy tHught of old by Philolaus, Jriff 
tarchiis of Samos, Plato in his riper years, and the whoh? fedl 
of the Pythagoreans ; and this was the judgment of Anaxi- 
mander, more antient than any of them ; and of that wife 
king of the Honmns, Numa Pornpilius, who, us a fymbol of 
the figure of the world with the fun in the centre, eredlcd a 
temple in honour of Fejta, of around form, and ordained 
perpetual fire to be kept in the middle of it. 

The Egyptians were early obfervers of the heavens ; and 
from them, probably, this philofophy was fpread abroad 
among other nations j for from them it was, and the nations 
about them, that the Greeks, a people of themfelves more 
addided to the fludy of philology than of nature, derived their 
firfl, as well as foundell, notions of philofophy ; and in the 
veftal ceremonies we may yet trace the antient fpirit of the 
Egyptians; for it was their way to deliver their myfleries, 
th^ is, their philofophy of things above the vulgar way of 
thinking, under the veil of religious rites and hieroglyphic 
fymbols. 

It is not to be denied but that Anaxagoras, Democritus, 
and others, did now and then Hart up, who would have it 
that the earth poflefTed the centre of the work}, and that the 
VoL. III. B 
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flarsof aliforis^ were ilevdffei 4c^£^ds the weft about the 
eartfj quiefcent in the centre^ fome at a fwifter, others at a 
flower rate. 

However, it was agreed on both Tides that the motions of 
the celeftial bodies were performed in fpaces altogether free 
and void of rcfiflance. The whim of folid orbs was of a later 
date, introduced by Eudoxus, Calippus, and Arijlotk; when 
the antient philofophy began to decline, and to give place to 
the new prevailing fictions of the Greeks. 

But, above all things, the phsenomena of comets can by 
no means confift with the notion of folid orbs. The Chal- 
deans, the moft learned aftronomers of their lime, looked 
upon the comets (which of antient times ^before had been 
numbered among the celeftial bodies) as a particular fort of 
planets, which, deferibing very eccentric orbits, prefented 
themfelves to our view only by turns, viz. once in a revolu# 
lion, when they defeended int^'the lower parts of their or- 
bits. 

And as it was the unavoidable confequence of the hypo- 
thefis of folid orbs, while it prevailed, that the comets fliould 
be thruft down below the moon, fo no fooner had the late 
obfervations of aftronomers reftored the comets to iheir an- 
tient places in the higher heavens, but thefe celeftial fpaces 
were at once cleared of the incumbrance of folid orbs, which 
by thefe obfervations were broke into pieces, and difearded 
for ever. 

Whence it was that the planets came to be retained within 
any certain bounds in thefe free fpaces, and to be drawn off 
from the rectilinear courfes, which, left to themfelves, they 
Ihould have purfued, into regular revolutions in curvilinear 
orbits, are queftions which we do not know how the antients 
explained ; and probably it was to give fome fort of fatis- 
faction to this difficulty that folid orbs were introduced^ 

The later philofophers pretend to account for it either bj 
the a6tio|^.of certain vortices, as Kepler and Dts Cartes; or 
^ fome other principle of impulfe or attradlion, as Bortlli, 
Hooke, and others of our nation ; for, from the laws of motion, 
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it is moft certain that thefb muft proceed from the 
adion of fome force or ather.| 

But our purpofe is only to trace out the quantity pro- 
perties of this force from the phsBnomena (p. 174, vol. l *), 
and to apply what we difcover in fpme fimple cafes as prin- 
ciples, by which, in a mathematical way, we may efti mate 
the effe<^ts thereof in more involved cafes ; for it would be 
endlefs and impoflible to bring every particular to dired and 
immediate obfervation. 

We faid, in a mathematical way, to avoid all queftionS 
about the nature or quality of this force, which we would 
not b^ undef^ood to determine by any hypothefis ; and there- 
fore call it by tfn general name of a centripetal force, as it is 
a force which is direded towards fome centre; and as it re- 
gards more particularly a body in that centre, we call it cir- 
cum-folar, circum-terreftrial, circum-jovial ; and in like 
ner in refped of other central bodies. 

That by dJbans of centripetal forces the planets may be re- 
tained in certain orbits, we may eafily underftand, if we con- 
fider the motions of projediles (p. % 3, 4, vol, 1); for a 
Hone projeded is by the prelTure of its own weight forced out 
'bf the redilinear path, which by the projedion alone it Ihould 
have purfuedj and made to defcribe a curve line in the air; 
and through that crooked way is at laft brought down to the 
ground ; and the greater the velocity is with which it is pro- 
jeded, the farther it goes before it falls to the earth. We 
may therefore fuppofe the velocity to be fo increafed, that it 
would defcribe an arc of 1, 2, 5, 10, 100, 1000 miles before 
it arrived at the earth, till at laft, exceeding the limits of the 
earth, it Ihould pafs quite by without touching it. 

Let AFB reprefent the furface of the earth, C its centre, 
VD, VE, VF, the curve lines which a body would defcribe, 
iLpJCujeded in*an horizontal diredion from the top of an high 
mountain fuccefiively with more and more velocity (vide vol. 

p. 180); and, becaufe the celeftial motions arb fcarcely 
retarded by the little or no reliflance of the fpaces in which 
they ole performed, to keep up the parity of cafes, let us fup^ 
pofe either that there is no air about the earth, or at leaft tha^ 
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it is endowed with little or no power of refiftingf and for the 
fame reafon that the body projp^ed with a lefs velocity de- 
fcribe^fce leffer arc VD, ^fld with a greater velocity the 
greater arc VE, and, augmenting the velocity, it goes farther 
and farther to F and G, if the velocity was ftill more and 
more augmented, it would reach at lail quite beyond the cir- 
cumference of the efrth, and return to the mountain from 
which it was proje6led. . 

And fince the areas which by this motion it defcribes by a. 
^radius drawn to the centre of the earth are (by prop. 1, book 1, 
Princip. Math.) proportional to the times in which they are 
defcribed, its velocity, when it returns to the menntain, will 
be no lefs than it was at firft ; and, retaining (he fame velo- 
city, it will defci;ibe the fame curve over and over, by the 
fame law. 

;;;^ But if we now imagine bodies to be proje>61ed in the di- 
regions of lines parallel to the horizon from greater heights, 
as of 5, 10, 100, 1000, or more miles, or rat^r as many 
femi-diaineters of the earth, thofe bodies, according to their 
different velocity, and the different force of gravity in different 
heights, will defcribe arcs either concentric with the earth, or 
varioufly eccentric, and go on revolving through the^heavens" 
in thofe trajedlories, juft as the planets do in their orbs. 

As when a ftone is projected obliquely, that is, any way 
but in the perpendicular dire<ftion, the perpetual defledlion 
thereof towards the earth from the right line in which it was 
projeded is a proof of its gravitation to the earth, no lefs certain 
than its direift defcent when only fuffered to fall freely from 
reft ; fo the deviation of bodies moving in free fpaces from 
redilinear paths, and perpetual deflexion therefrom towards 
any place, is a fure indication of the exiftence of fome force 
which from all quarters impels thofe bodies towards that 
place. 

And as, from the fuppofed exiftence of gravity, it necelfa- 
rily follows that all bodies about the earth niuft prefs down- 
wards, and therefore muft either defcend diredly to the earth, 
if they are let fall from reft, or at leaft perpetually deviate 
ftom right lines towards the earth, if they are projeaed ob- 
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liquely; fo from the fuppofed exiftence of a force diredledto 
any centre, it will follow, by the like neceffity, that all bodies 
upon which this force a6ls muft either defcend diredly to 
that centre, or at leaft deviate perpetually towards it from 
right lines, if otherwife they (hould have moved obliquely in 
thefe right lines. 

And how from the motions given we may infer the forces, 
or from the forces given we may determine the motions, is 
Ihewn in the two firft books of our Principles of Philofophp. 

If the earth is fuppofed to Hand ftill, and the fixed liars to 
be revolved in free fpaces in the fpace of 24 hours, it is cer- 
tain’ the forc^^ by which the fixed liars are retained in their 
orbs are not dire6led to the earth, but to the centres of the 
leveral orbs, that is, of the feveral parallel circles, which the 
fixed liars, declining to one fide and the other from the equa- 
tor, defcribe daily ; alfo that by radii drawn to the centres 
of thofe orbs the fixed liars defcribe areas exadlly propor- 
tional to the times of defcription. Then, becaufe the p^pio- 
dic times are equal (by cor. 3, prop. 4, book 1), it follows that 
the centripetal forces are as the radii of the leveral orbs, and 
that they will perpetually revolve in the fame orbs. And the 
like confeijuences may be drawn from the fuppofed diurnal 
motion of the planets. 

1’hat forces fliould be directed to no body on which they 
phyfically depend, but to innumerable imaginary points 
in the axis of the earth, is an hypothefis too incongruous* 
It is more incongruous Hill that thofe forces lliould increafe 
oxa6ily in proportion of the dillances from this axis \ for this 
is an indication of an increafe to immenfity, or rather to infi- 
nity; whereas the forces of natural things commonly de- 
creafe in receding from the fountain from which they flow. 
But, what is yet more abfurd, neither are the areas del'cribed 
by the fame liar proportional to the times, nor are its revo- 
lutions performed in the fame orb ; for as the liar recedes 
from the neighbouring pole, both areas and orb increale ; and 
from the increale of the area it is demonllrated that the 
forces are not direded to the axis of the earth. And this 
difiiculty (cor, 1, prop, 2) arifes from the twofold motioti 
B 3 
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that is obferved in the fixed flars, one diurnal round the axis 
of the earth, the other exceedingly flow round the axis of the 
ecliptic. And the explication thereof requires a coinpofi- 
tion of forces fo perplexed and fo variable, that it is hardly 
to be reconciled with any phyfical theory. 

That there are centripetal forces adlually directed to the 
bodies of the fun, of the earth, and other planets, I thus 
infer. 

The moon revolves about our earth, and by radii drawn to 
its centre (p. l67) defcribes are^s nearly proportional to the 
times in which they are defcribed, as is evident from its ve- 
locity compared with its apparent diameter ; for its motion 
is flower when its diameter is lefs (and therefore its diftance 
greater), and its motion is fwifter when its diameter is greater. 

' The revolutions of the fatellites of Jupiter about that planet 
are more regular (p. 1 62); for they defcribe circles concen- 
tric with Jupiter by equable motions, as exadly as our fenfes 
can diftinguifli. 

And fo the fatellites of Saturn are revolved Jibout this 
planet with motions nearly (p. 164) circular and equable, 
fcarcely diflurbed by any eccentricity hitherto obferved. 

That Venus and Mercury are revolved about the fun, is 
demonftrable from their moon-like appearances (p. l65): 
when they (hine with a full face, they are in thofe parts of 
their orbs which in refped of the earth lie beyond the fun ; 
when they appear half full, they are in thofe parts which lie 
over againft the fun; when homed, in thofe parts which lie 
between the earth and the fun ; and fometinies they pafs 
over the fun’s dilk, when diredly interpofed between the 
earth and the fun. 

And Venus, with a motion almoft uniform, defcribes an 
orb nearly circular and concentric with the fun. 

But Mercury, with a more eccentric motion, makes remark- 
able approaches to the fun, and goes off again by turns ; but 
it is always fwifter as it is near to the fun, and therefore by a 
radius dravvn to the fun flill defcribes areas proportional to 
the times. 
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Laftly, that the earth defcribes about the fun, or the fun 
about the earth, by a radius from the one to the other, areas 
exadly proportional to the times, is demonitrable from the 
apparent diameter of the fun compared with its apparent 
motion. 

Thefe are aftronomical experiments; from which it follows, 
by prop. 1, 2, 3, in the book of our Principles, and their 
corollaries (p. l67, 168,171), that there are centripetal forces 
a6lually direded (either accurately or without conhderable 
error) to the centres of the earth, of Jupiter, of Saturn, and 
of the fun. In Mercury, Venus, Mars, and the leffer planets, 
wliere expcriiTents are wanting, the arguments from analogy 
muft be allowed in their place. 

That thofe forces (p. l67, 168, 171) decreafe in the dupli- 
cate proportion of the diftances from the centre of every 
planet, appears by cor. 6, prop. 4, book 1 ; for the periodic 
limes of the fatellites of Jupiter are one to another (p. l62, 
l63) in the fefquiplicate proportion of their diftances from 
the centre of this planet. 

This proportion has been long ago obferved in thofe fa- 
tellites and Mr. Flamjied, who had often meafured their 
diftances from Jupiter by the micrometer, and by the eclipfes 
of the fatellites, wrote to me, that it holds to all the accuracy 
that poflibly can be difeerned by our fenfes. And he fent me 
the diraenfions of their orbits taken by the micrometer, and 
reduced to the mean diftance of Jupiter from the earth, or 
from the fun, together with the times of their revolutions, as 
follows : 


The greateft elonga- 
tion of the fatellites 
from the centre of 
Jupiter asfeenfrom 
the fun. 

The periodic times of 
their revolutions. 

1ft... i 48 or 108 
2d.. .3 01 or 181 
3d... 4 46 or 286 
4th... 8 13for493| 

d. h. 

1 18 28 36 

3 13 17 54 

7 03 59 36 

16 18 5 13 
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Whence the fefquiplicate proportion may be eafily ieen. 
For example; the Jti". 18“. 05' 13" is to the time 1“. 18'-. 28' 
S6" as 4931" X v/4931" to 108" X v/l08", negleding thofe 
fmall fra6lions which, in obferving, cannot be certainly de- 
termined. 

Before the invention of the micrometer, the fame diftances 
were determined in femi-diameters Jupiter thus : 


Diltance ot the 

1ft. 

2d. 

3d. 

4th. 

By Galileo 

. 6 

10 

16 

28 

Smon Marius . . . 

. 6 

10 

\6 

26 

Cajftni 

. 3 

8 

13 

23 

BorclU more \ 


8-1 

14 

24? 

exaftly J * 

. Dj 

”3 



After the invention of the micrometer. 


By Townley 3,31 

8,78 

13,47 

24,72 

FUmJied 3,3 1 

8,83 

13,98 

24,23 

More accurately \ 3^3 

by the eclipies J 

8,876 

14,159 

24,903 


And the periodic times of thofc fatellitcs, by the obfervations 
of Mr. Flamjkd, are 18\ 28' SG" | 3^^. 17'. 17' 34" | 7'. 
3\ 39' 36" 1 IG'*. 18^ 3' 13", as above. 

And the diftances thence computed are 3,378 ] 8,878 | 
14,1G8 I 24,968, accurately agiceing with the diftances by 
obfervation. 

Cajjini affures us (p. lG4, lG5) that the fame proportion 
is oblervcd in the circum-faturnal planets. But a longer 
courfe of obfervations is required before we can have a cer- 
tain and accurate theory of thofe planets. 

In the circuin-folar planets. Mercury and Venus, the fame 
proportion holds with great accuracy, according to the dimen- 
fions of their orbs, as determined by the obfervations of the 
bell aftronomers. 

That Mars is revolved about the fun is demonftrated from 
the phafes which it Ihews, and the proportion of its apparent 
diameters (p. l65, iGG, and 1G7) ; for from its appearing full 
near conjundion with the fun, and gibbous in its quadratures, 
it is certain that it furrounds the fun. 
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fince its diameter appears about five times greater 
when in oppofition to the fun than when in conjun6i:ion 
therewith, and its dillance from the earth is reciprocally as its 
apparent diameter, that diftance will be about five times lefs 
when in oppofition to than when in conjunciion with the 
fun ; but in both cafes its diftance from the fun will be nearly 
about the fame with tlt|j|iftance which is inferred from its gib- 
bous appearance in th^ quadratures. And as it encompaffes 
the fun at almoft equal diftances, hut in rcfpc(ft of the earth 
is very unequally diftant, fo by radii drawn to the fun it de- 
fcribcs areas nearly uniform ; but by radii drawn to the earth, 
it is fometirfies fwift, fometimes ftationary, and fometimes re- 
trograde. 

That Jupiter, in a higher orb than Mars, is likewife revolved 
about the fun, with a motion nearly equable, as well in dift- 
ance as in the areas defcribed, I infer thus. 

Mr. Flamjied affured me, by letters, tliat all the eclipfes of 
the innermoft fatellitc which hitherto have been well obferved 
do agree with his theory fo nearly, as never to differ therefrom 
by two minutes of time ; that in the outmoft the error is little 
greater ; in the outmoft but one, fcarcely three times greater ; 
that in the innermoft but one the dilference is indeed much 
greater, yet fo as to agree as nearly with his computations as 
the moon does with the common tables ; and that he com- 
putes thofe eclipfes only from the mean motions corrected by 
the equation of light difeovered and introduced by Mr. Ro- 
mer. Suppofing, then, that the theory differs by a lefs error 
than that of o! from the motion of the outmoft fatellite as hi- 
therto defcribed, and taking as the periodic time 16 "^. IS**. 5* 
] 3"' to Q! in lime, fo is the whole circle or 360° to the arc T 
48", the error of Mr. Flamjied! s computation, reduced to the 
fatellite’s orbit, will be lefs than 1'48"; that is, the longi- 
tude of the fatellite, as feen from the centre of Jupiter, will 
be determined with a lefs error than T 48". But when the 
fatellite is in the middle of the fliadow, that longitude is the 
fame with the heliocentric longitude of Jupiter ; and, there- 
fore, the hypothefis which Mr. Flamjied follows, viz. the Cq- 
fernican, as improved by Kepler, and (as to the motion of 
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Jupiter) lately correded- by himfelf, ngblly reprefents that 
longitude within a lefs error than l' 48'^ ; but by this longi- 
tude, together with the geocentric longitude, which is always 
eafily found, the diftance of Jupiter from the fun is deter- 
mined ; which muft, therefore, be the very fame with that 
which the hypothecs exhibits. For that greateft error of l' 
48" that can happen in the lielioce||pc longitude is almoft 
infenfible, and quite to be negle6led,^iid perhaps may arife 
from fome yet undifcovered eccentricity of the fatellite; but 
iince both longitude and diftance are rightly determined, it 
follows of neceflity that Jupiter, by radii drawn to the fun, 
defcribes areas lb conditioned as the hypothecs refjuires, that 
is, proportional to the times. 

And the fame thing may be concluded of Saturn from his 
fatellite, by the obfervatioiis of Mr. liui/gens and Dr. Halley ; 
though a longer feries of obfervalions is yet wanting to con- 
firm the thing, and to bring it under a fufticiently exa(5t com- 
putation. 

For if Jupiter was viewed from the fun, it would never ap- 
pear retrograde nor ftatiouary, as it is feen fometimes from 
the earth, but always to go forward with a motion nearly uni- 
form (p. l66). And from the very great inequality of its ap- 
parent geocentric motion, we infer (by prop. 3, cor. 4) that 
the force by which Jupiter is turned out of a re6filinear courfe, 
and made to revolve in an orb, is not diredfed to the centre 
of the earth. And the fame argument holds good in Mars and 
in Saturn. Another centre of thefe forces is therefore to be 
looked for (by prop. 2 and 3, and the corollaries of the latter), 
about which the areas defcribed by radii intervening may be 
equable; and that this is the fun, we have proved already in 
Mars and Saturn nearly, but accurately enough in Jupiter. 
It may be alledged that the fun and planets are impelled by 
fome other force equally and in the dire6lion of parallel lines ; 
but by fuch a force (by cor. 6 of the laws of motion) no 
change would happen Jn the lituation of the planets one to 
another, nor any fenfible effedl follow : but our bufinefs is 
with the caufes ol fenfible efte<fts. Let us, therefore, negledl 
every fuch force as imaginary and, precarious, and of no ufe 
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in the phaenomena of the heavens ; and the whole remaining 
force by which Jupiter is impelled will be direded (by prop. 
3, cor. 1) to the centre of the fun. 

The diftauces of the planets from the fun come out the 
fame, whether, with Tycho, we place the earth in the centre 
of the fyftem, or the fun with Copernicus : and we have al- 
ready proved that thefe^iftances are true in Jupiter. 

Kepler and Bw/Zm/dew have, with great care (p. l65), de- 
termined the diftances of the planets from the fun ; and 
hence it is that their tables agree beft with the heavens. And 
in all the planets, in Jupiter and Mars, in Saturn and the 
Earth, as w^ll as in Venus and Mercury, the cubes of their 
diftances are as the fquares of their periodic times; and there- 
fore (by cor. 6, prop. 4) the centripetal circum-folar force 
throughout all the planetary regions decreafes in the dupli- 
cate proportion of the diftances from the fun. In examining 
this proportion, we are to ufe the mean diftances, or the 
tranfverfe femi-axesof the orbits (by prop. 15), and to negledl 
thofe little fradions, which, in defining the orbits, may have 
arifen from the infenlible errors of obfervation, or may be 
aferibed to*other caufes which we fliall afterwards explain. 
And thus weftiall always find the faid proportion to hold ex- 
adlly ; for the diftances of Saturn, Jupiter, Mars, the Earth, 
Venus, and Mercury, from the fun, drawn from the obferva- 
tions of aftronomers, are, according to the computation of 
Kepler, as the numbers 951000, 519^)50, 152350, 100000, 
72400, 38806 ; by the compulation of Bullialdus, as the num- 
bers 954198, 522520, 152350, lOOOQO, 72398, 38585; and 
from the periodic times they come out 953806, 520116, 
152399, 100000, 72333, 38710. Their diftances, according 
to Kepler and Bullialdus, fcarcely differ by any fenfible 
quantity, and where they differ mod the diftances drawn from 
the periodic limes fall in between them. 

That the circum-terreftrial force likewife decreafes in the 
duplicate proportion of the diftances, I infer thus. 

The mean diftance of the moon from the centre of the 
earth, is, in femi-diameters of the earth, according to 
lomy, Kepler in his Epkemerides, Bullialdus, Hevelius, and 
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Ricciolus, 59 ; according to Flamjledf 59| ; according to Ty- 
chOyb(>{ ; to Venddhij 6'0; to Copernicus, 6o|; to Kircher, 62 i 
(p. 169 , 170 , 171). 

But Tycho, and all that follow his tables of refradion, mak- 
ing the refradions of the fun and moon (altogetlier againft 
the nature of light) to exceed thofe of the fixed fhirs, and that 
by about four or five minutes in the h^rizon^ did thereby aug- 
ment the horizontal parallax of the moon by about the like 
number of minutes; that is, by about the 12th or 15th part 
of the whole parallax. Corre6l this error, and the diftancc 
will become f)0 or Gl fenii-diamctcrs of the earth, nearly 
agreeing with what others have determined. ‘ 

Let us, then, aflume the mean diftance of the moon 60 le- 
mi-diameters of the earth, and its periodic time in refped of 
the fixed flars 27*^. 7'*. 43', as aftronomers have determined it. 
And (by cor. 6, prop. 4) a body revolved in our air, near the 
furface of the earth fuj)pofed at reft, by means of a centri- 
petal force which fhould be to the fame force at the dift- 
ance of the moon in the reciprocal duplicate proportion of 
the diftanecs from the centre of the earth, that is, as 3 GOO 
to 1, would (fecluding the rcfiftance of the air) complete arc- 
volution in 1^24'27''. 

Suppofe the circumference of the earth to be 123249600 
Paris feet, as has been determined by the late menfuration 
of the French (vide p. 188); then the fame body, deprived of 
its circular motion, and failing by the impulfe of the fame cen- 
tripetal force as before, would, in one fecond of time, deferibe 
15-rjr Paris feet. 

This we infer by a calculus formed upon prop. 36 , and it 
agrees with what we obferve in all bodies about the earth. 
For by the experiments of pendulums, and a computation 
raifed thereon, Mr. Huygens has demonftrated that bodies 
falling by all that centripjetal force with which (of whatever 
nature it is) they are impelled near the furface of the earth, 
do, in one fecond of time, deferibe Paris feet, 

But if the earth is fuppofed to move, the earth and moon 
.together (by cor. 4 of the laws of motion, and prop. 37) will 
be revolved about their common centre of gravity. And the 
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mooD (by prop. Go) will in the fame periodic time, 27**. T**. 43', 
with the fame circuin-terreftrial force diminiflied in the 
duplicate proportion of the diftance, defcribe an orbit whofe 
femi-dianieter is to the fenii-diaracter of the former orbit, that 
is, to ()0 feini-diumclers of the earth, as the fum of both the 
bodies of the earth and moon to the firft of two mean pro- 
portionals between this fum and the body of the earth ; that 
is, if we fuppofe the moon (on account of its mean appa- 
rent diameter 3 if) to be about of the earth, as 43 to 

3 

\/ 42 + 43f, or as about 128 to 127. And therefore the 
femi'diainetcr of the orbit, that is, the diftance between the 
centres of tlic moon and earth, will in this cafe be G0| femi- 
diameters of the earth, ahnolt the fame with thataffigned by 
Copernicus, which the Tychonic obfervations by no means 
difprove; and, therefore, the duplicate proportion of the de- 
crement of the force holds good in this diltancc. I have ne- 
gle^led the increment of the orbit which arifesfrom the action 
of the fun as inconfidcrablc ; but if that is fubduded’, the 
true diftance will remain about CO^ femi-diameters of the 
earth. 

BlU farther (p. 1 G 7 ) ; this proportion of the deerement of 
the forces is confirmed from the eccentricity of the planets, 
and the very flow motion of their apfes ; for (by the corollaries 
of prop. 43) in no other proportion could the circum-folar 
planets once in every revolution defeend to their leaft and 
once afeend to their greateft diftance from the fun, and the 
places of thofe diftances remain immoveable. A fmall error 
from the duplicate proportion would produce a motion of the 
apfes confiderable in every revolution, but in many enormous. 

But now, after innumerable revolutions, hardly any fuch 
motion has been perceived in the orbs of the circum-folar 
planets. Some allronomers affirm that there is no fuch mo- 
tion ; others reckon it no greater than what may eafi ly arife from 
the caufes hereafter to be afligned, and is of no moment in 
the prefent queftion. 

We may even negk6l the motion of the moon's apfts 
(p. 167 , IG 8 ), which is far greater than in the circum-folai; 
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planets, amounting in every revolution to three degrees ; and 
from this motion it is demonltrahle that the circum-terreftrial 
force decreales in no lefs than the du[)licate, but far Icfs than 
the triplicate proportion of the dillancc ; for if the duplicate 
proportion was gradually changed into the triplicate, the mo- 
tion of the aplis would thereby nicrcafc to infinity ; and, there- 
fore, by .'I very fin all mutation, would exceed the motion of 
the moon’s apfis. This flow motion ari'fes from the action of 
the circuin-folar force, as we (hall afterwards explain. But, 
fecluding this caufe, the apfis or apogeon of the moon will be 
iixed, and the duplicate proportion of the decreafe of the cir- 
cum-terreftrial force in different dillances from the earth will 
accurately take place. 

Now that this proportion has been eftabliflied, we may 
compare the forces of the fcvcral planets among themfelves 
(p. 178). 

In the mean diftance of Jupiter from the earth, the greatell 
elongation of the outmoft fatcllilc from Jupiter’s centre (by 
the obfervations of Mr. Flamjhd) is 8' 13"; and therefore 
the diftance of the fatcllitc from the centre of Jupiter is to 
the mean diftance of Jupiter from the centre of the fun as 
124 to 52012, but to the mean diftance of Venus from the 
centre of the fun as 124 to 7234; and their periodic times 
are iGJ**. and 224^** ^ f^^id from hence (according to cor. 2, 
prop. 4), dividing the diftances by the fquares of the times, 
we infer that the force by which the fatellite is impelled to- 
wards Jupiter is to the force by which Venus is impelled to- 
wards the fun as 442 to 143; and if we diminilh the force 
by which the fatellite is impelled in the duplicate proportion 
of the diftance 124 to 7234, we ftiall have the circum-jovial 
force in the diftance of Venus from the fun to the circum- 
folar force by which Venus is impelled as to 143, or as 
1 to 1100 ; wlierefore at equal diftances the circum-folar force 
is 1 100 times greater than the circum-jovial. 

And, by the like computation, from the periodic time of 
the fatejlite of Saturn 15*^. 22**. and its greateft elongation from 
Saturn, while that planet is in its mean diftance from us, 3' 
20", it follows that the diftance of this fatellite from Saturn's 
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centre is to the dillance of Venus from the Jun as to 
7234 ; and from thence that the abfolute ciroum-folar force 
is 2360 times greater than the abfolute circum-laturnal. 

From the regularity of the heliocentric and ;^ularity of 
the geocentric motions of Venus, of Jupiter, and the other 
planets, it is evident (by cor. 4, prop. 3) that the circum- 
tcrreftrial force, compared with the circuni-lbiar, is very 
final I. 

Ricciolus and Vtnddin have feverally* tried to determine 
the fun’s parallax from the moon’s dichotomies obferved by 
the telefcope, and they agree that it does not exceed half 
a minute. 

Kepler, from Tycho's obfervations and liis own, found 
the parallax of Mars infcnfiblc, even in oppofition to the 
fun, when that parallax is fomething greater than the fun’s. 

Flamfled attempted the fame parallax with the microme- 
ter in the perigeon pofition of Mars, but never found it 
above 26"; and thence concluded the fun’s parallax at moft 
10 ". 

Whence it follows that the diftance of the moon from the 
earth bears no greater proportion to the diftance of the eaitli 
froinjhe fun tlian 29 to JOOOO; nor to the diftance of Venus 
from the fun than 29 to 7233. 

From which diftances, together witli the periodic times, 
by the method above explained, it is eafy to infer that the 
abfolute circum-folar force is greater than the abfolute cir- 
cum-tcrrcftrial force at leaft 229400 times. 

And though we were only certain, from the obfervations of 
Ricciolus and Venddin, that the fun’s parallax was Icfs than 
half a minute, yet from this it will follow that the abfolute 
circum-folar force exceeds the abfolute circum-terreftiial force 
8600 times. 

By the like computations I happened to difeover an analogy 
that is obferved between the forces and the bodies of the 
planets; but, before I explain this analogy, the apparent 
diameters of the planets in their mean diftances from the 
earth muft be firft determined. 

Mr. Flamfiedij^, 1 63), by the micrometer, meafured the* 
diameter of Jupiter 40" or 41" ; the diameter of Saturn’s ring 
^ 50" ; and the diameter of the fun about 32' 13*' (p. 166). 
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But the diameter of Saturn is to the diameter of the ring, 
according to'Mr. Huy gem and Dr. Halley y as 4 to 9; accord-' 
ingto Galletmt as 4 to 10; and according to Hooke {hy 
a telefcope of OO feet), as 5 to 12. And from the mean 
proportion, 5 to 12, the diameter of Saturn’s body is inferre d 
about 21". 

Such as we have faid are the apparent magnitudes; but, 
becaulb of the unequal refrangibility of light, all lucid points 
are dilated by the telefcope, and in the focus of the objedl- 
glafs poffefs a circular Ipace whole breadth is about the 50tli 
part of the aperture of the glafs. 

It is true, that towards the circumference the light is fo 
rare as hardly to move the fenfe; but towards the middle, 
where it is of greater denfity, and is fenfible enough, it makes 
a fmall lucid circle, whole breadth varies according to the 
fplendor of the lucid point, but is generally about the 3fl, 
or 4th, or oth part of the breadth of the whole. 

Let ABD reprelent the circle of the whole light; PQ the 
fmall circle of the denfer and clearer light ; C the centre of 
both; CA, CB, femi-diameters of the greater circle contain- 
ing a right angle at C; ACBE the fquare comprehended 
under thel’e femi-diameters ; AB the diagonal of that fquare ; 
EGH an hyperbola with the centre C and alymptotes CA, 
CB; PG a perpendicular erected from any point P of the 
line BC, and meeting the hyperbola in G, and the right lines 
AB, AE, in K and F : and the denlity of the light in any 
place P, will, by my computation, be as the line FG, and 
therefore at the centre infinite, but near the circumference 
very fmall. And the whole light within the fmall circle PQ 
is to the whole without as the area of the quadrilateral figure 
CAKP to the triangle PKB. And we are to underftand the 
fmall circle PQ to be there terminated, where FG, the den- 
lUy of the light, begins to be lefs that what is required to 
move the fenfe. 


Hence It was, that, at the diftance of 191382 feet, a fire of 
3 feet in diameter, through a telefcope of 3 feet, appeared to 
r. tcart o S in breadth, when it ihould have appeared 
•on y of 3 14 ; and hence it is that the brighter fixed liars 
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ippear through 'the telefcope as of b" or 6" in diameter, 
ind that with a good full light; but with a fainter light they 
Ippear to run out to a greater breadth. Hence, likewife, it 
vas that HeveUuSj by diminifliing the aperture of the telefcope, 
lid cut off a great part of the light towards the circumfe- 
ence, and brought the dilk of the ftar to be more diftin<$lly 
Icfined, which, though hereby diminillied, did yet appear as 
)f b” or 6" in diameter. But Mr. Huygens, only by clouding 
he eye-glafs with a little fmoke, did fo effectually extinguifh 
his fcattered light, that the fixed ftars appeared as mere 
)oinls, void of all fenfible breadth. Hence alfo it was that 
^Ir. Uuygeii^ from the breadth of bodies interpofed to 
ntercept the whole light of the planets, reckoned their dia- 
ncters greater than others have ineafured them by the mU 
:roineter;forthc fcattered light, which could not be feen before, 
or the ftronger light of the planet, when the planet is hid, 
.ppears every way farther fpread. Laftly, from hence it is 
hat the planets appear fo fmall in the dilk of the fun, being 
elfencd by the dilated light. For to Hcvelius, Galletius^ 
aid Dr. Halley, Mercury did not feem to exceed \9!' or lo" ; 
nd Venus appeared to Mr. Crahtrie only l' 3"; to Horrox 
lut F V2!'', though by the menfurations of Hevelius and 
Ingenius without the fun’s dillc, it ought to have been feeu 
it lealt 1' 24''. Thus the apparent diameter of the moon, 
dnch in 1684, a few days both before and after the fun’s 
clipfc, was ineafured at the obfervatory of Park 31' 30", 
n the cclipfe itfelf did not feem to exceed 30' or 30' 05"; 
Liid therefore the diameters of the planets are to be diminilhed 
dicn without the fun, and to be augmented when within it, 
»y fomc feconds. But the errors feem to be lei’s than ufual 
n the menfurations that arc made by the micrometer. So 
roin the diameter of the lhadow, determined by the eclipfes 
>f the fatellites, Mr. Flamjied found that the femi-diaineter 
)f Jupiter was to the greateft elongation of the outUlNl: fatel- 
ite as I to 24,903. Wherefore hnce that elongation is 8' 
13", the diameter of Jupiter will be 39i"; and, rejediiijf tlife 
cattered light, the diameter found by the micrometer or 
U" will be reduced to 391''; and the diameter of Saturn SV' 
VoLr HI, C 
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is to be diuiiniflied by the like corre^lion, and td be reckoned 
9J0'', or romethinglels. But (if I am not miftaken) the diame- 
ter of tlie fun, becaiife of its ftrohger light, is to be diminifhed 
fome thing more, and to be reckoned about 32', or 32' 6", 
That bodies fo difierent in magnitude fliould come fo near 
to an analogy with their forces, is not without fome myftery 
(p. 180). 

It may be tliat the remoter planets, for want of heat, have 
not thofe metallic lubftances and ponderous minerals with 
which our earth abounds; and that the bodies of Venus and 
Mercury, as they are more expofed to the fun’s heat, are alfo 
harder baked, and more compa<9;. 

For, from the experiment of t!ic burning-glafs, we fee that 
the heat inercafes with the denfity of light; and this denfity 
increafes in the reciprocal duplicate proportion of thediftance 
from the fun ; from whence the fun’s heat in Mercury is 
proved to be fevenfold its heat in our fu miner feafons. But 
with this heat our water boils; and thofe heavy fluids, 
quickfilver and the fpirit of vitriol, gently evaporate, as I 
have tried by the thermometer; and therefore there can be 
no fluids in Mercury but what arc heavy, and able to bear a 
great heat, and from which fubllances of great denfity may 
be nouriflied. 

And why not, if God has placed diflbrent bodies at dilfcr- 
ent dillances from the fun, fo as the dcnli r bodies always 
poflels the nearer [ilaces, and each body enjoys a degree of 
heat luitable to its condition, and proper for its nourifliment? 
From this confideration, it will bell appear that ihe weights of 
all the planets arc one to another as their forces. 

But I Ihould be glad the diameters of the planets were 
more accurately meafured; and that may be done, if a lamp, 
let at a great dillance, is made to fliinc through a circular hole, 
and both the hole and the light of the lamp are fo diminilhed 
that thelpiedruin may appear through the telefcope juft like 
the planet, and may be defined by the fame meafure: then 
diutneter of the hole will be to its diftance from the ob- 
jedive glafs as the true diameter of the planet to its dif- 
tance from us. The light of the lamp may be diminilhed by 
the interpofttfon cither of pieces of cloth, or of finoked glafs. 
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Of kin to the analogy we have been defcribing, there is 
another obferved between the forces and the bodies attrafted 
(p. 173, 174, 175). Since the adion of the centripetal force 
upon the planets decreafes in the duplicate proportion of the 
diftance, and the periodic time increafes in .the fefquiplicate 
thereof, it is evident that the a< 5 lions of the centripetal force, 
and therefore the periodic times, would be equal in equal 
planets at equal diftances from the fun ; and in equal diftances 
of unequal planets^he total adions of the centripetal force 
would be as the bodies of the planets ; for if the 
adions were not proportional to the bodies to 

moved, theyjcould not equally re trad tliefe bodies froin^lne 
tangents of their orbs in equal times : nor could the motions 
of the fatellites of Jupiter be fo regular, if it was not that the 
circum-folar force was equally exerted upon Jupiter and all 
its fatellites in proportion of their feveral weights. And the 
fame thing is to be faid of Saturn in refped of its fatellite, 
and of our earth in refped of the moon, as appears from cor. 
2 and 3 , prop. 65 . And, therefore, at equal diftances, the 
adions of the centripetal force are equal upon all the planets 
in proportion of their bodies, or of the quantities of matter 
in theii; feveral bodies; and for the lame rcafon mull be the 
fame upon all the particles of the fame lize ol’ which the 
planet is compofod ; for if the adion was greater upon foine 
fort of particles than upon others than in proportion to their 
quantity of matter, it would be alfo greater or lei's upon the 
whole planets not in proportion of the quantity only, but 
like wife of the fort of the matter more copioufly found in one 
and more fparingly in another. ^ 

Infuch bodies as are found on our earth ofvery different forts, 
I examined this analogy with great accuracy (p. 112 , 113 ). 

If the adion of the circuin-terrcftrial force is proportional 
to the bodies to be moved, it will (by t|ie fecond law 
of motion) move them with equal velocity in equal times, 
and will make all bodies let fall to defeend through equal 
fpaces in equal times, and all bodies hung by equal threads 
to vibrate in equal times. If the a(Jion of the force was 
greater, the times would be lefs; if that was lefs, thefe would 
be greater. 

C 2 
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But it has been long ago obferved by others, that (allow- 
ance being made for the linall refiftance of the air) all bodies 
defcend through equal fpaces in equal times; and, by the 
help of pendulums, that equality of times may be diftinguilh- 
ed to great exadhefs. 

I tried the thing in gold, hlver, lead, glafs, fand, common 
fait, wood, water, and wheat. I provided two equal wooden 
boxes. I filled the one with wood, and fufpended an equal 
weight of gold (as exactly as I could) in tlfe centre of ofcilla- 
tiop of the other. The boxes, hung by equal threadg 
elf 11 feet, made a couple of pendulums perfc6lly equal 
in w'eight and figure, and equally expofed to tho-^efillance of 
the air : and, placing the one by the other, I obferved them 
to play together foi wards and backwards for a long while, 
with equal vibiations. And therefore (by cor. 1 and 6, prop. 
24, book 2) the quantity of matter in tlie gold was to the 
quantity of matter in the wood as the adion of the motive 
force upon all the gold to the ai^ion of the fame upon all the 
wood ; that is, as the weight of the one to the weight of the 
other. 

And by ibcfe cx})eriments, in bodies of the fame weight, 
could have difoovered a difrcrcnce of matter lefs than the 
thoufandth part of the whole. 

Since the adlion of the cenlripclal force upon the bodies 
attraded is, at equal diflaiicc^, propoitioual to the quantities 
of matter in thole bodies, reafon requires that it Ihould be alfo 
proportional to the quantity of matter in the body attracting, 

For^lladioii is mutual, and (p. 14, 27,,v. l,by the third law 
of motion) m^la'S the bodies miilually to n[>proach one to the 
other, and therefore muft be the fame in both bodies. It is 
true that wc may coufider one body as attrading, another as 
attraded ; but this difUndion is more mathematical than na- 
tural. The attradion is really common of either to other, and 
therefore of the fume kind in both. 

And hence it is that the attradive force is found in both. 
The fun attrads Jupiter and the other planets; Jupiter at- 
tradls its fatellites; afld, for the hime xeafon, the fatellites ad 
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as well one upon ancflher as upon Jupiter, and all the planets 
mutually one upon another. 

And though the mutual adlions of two planets may be dif- 
tiuguidied and conhdered as two, by which each attracts the 
other, yet, as thofe actions arc intermediate, they do not 
make two but one operation between two terms. Two bodies 
may l)e mutually attradted each to the other by the contrac-* 
tion of a cord interpofed. There is a double caufe of a(5tion, 
‘to wit, the difpofitfon of both bodies, as well as a double ac- 
tion in fo far as the action is conhdered as upon two bodies 5 
but as betwixt two bodies it is but one hn^le one. It is not 
oneadioii by which the fun attraciils Jupiter, and another bj 
which Jupiter attracts the fun ; but it is one a61:ion by which 
the fun and Jupiter mutually endeavour to approach each the 
other. By the adlion with which the fun attra6ls Jupiter, 
Jupiter and the fun endeavours to come nearer together (by 
the third law of motion) ; and by the a6lion with which Jupi- 
ter attrads the fun, likewife Jupiter and the fun endeavour to 
come nearer together. But the fun is not attruded towards 
Jupiter by a twofold adion, nor Jupiter by a twofold adion 
towards the fun ; but it is one fingle intermediate adion, by 
which both approach nearer together. 

Thus iron draws the load-ftone (p. 27> vol. l),as well as the 
load-ftone draws the iron ; for all iron in the neigljbfturhood of 
the load-done draws other iron. But the adion betwixt tlie 
load-done and iron is dngle, and is confidered as fingle by the 
philofophers. The adion of iron upon the load-done is, in- 
deed, the adion of the load-done betwixt itfelf and the iron, 
by which both endeavour to come nearer together : and lb it 
manifedly appears; for if you remove the load-done, the 
whole force of the iron alinod ceafes. 

In this fenfe it is that we are to conceive one fincrle adion 
to be exerted betwixt two planets, arifing from the confpir- 
ing natures of both ; and this adion danding in the fame re- 
lation to both, if it is proportional to the quantity of raatjet 
in the one, it will be alfo proportional to the quantity of mat- 
ter in the other. 

C3 
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Perhaps it may be objeded, that, according to this philofo- 
phy (p. 178), all bodies Ihould mutually attrad one ano- 
ther, contrary to the evidence of experiments in terreftrial 
bodies; but I anfvver, that the experiments in terreftrial bo- 
dies come to no account ; for the attra61:ion of homogeneous 
fjpheres near their furfaces are (by prop 72) as their diame- 
ters. Whence a fphere of one foot in diameter, and of a 
like nature to the earth, would attradl a fmall body placed 
near its furface with a force 20000000 times lefs tlian the 
earth would do if placed near its furface ; but fo fmall a force 
could produce no fenfible effetft. If two fuch ^heres were 
diftant but by | of an inch, they would not, even in fpaces 
void of refiftance, come together by the force of their mutual 
atlradlion in lefs than a month’s time ; and lefs fphercs will 
come together at a rate yet {lower, viz. in the proportion of 
their diameters. Nay, whole mountains will not be fufficient 
to produce any fcnfible efted. A mountain of an hemifpheri- 
cal figure, three miles high, and fix broad, will not, by its at- 
tradion, draw the pendulum two minutes out of the true per- 
pendicular; and it is only in the great bodies of the planets 
that thefe forces are to be perceived, unlefs we may reafon 
about finaiier bodies in manner following. 
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Let ABCD (p. 27, vol. 1) reprefent the globe of 
the earth cut by any plane AC into two parts ACB, and 
ACD. The part ACB bearing upon the part ACD prefles it 
with its whole weight; nor can the part ACD luftain this 
preffure, and continue unmoved, it’ it is not oppofed by an 
equal contrary pretfure. And therefore the parts equally 
prefs eacli other by their weights, that is, equally attract; each 
other, according to the third law of motion ; and, if feparated 
and let go, would fall towards each other with velocities reci- 
procally as the bodies. All which we may try and fee in the 
load-done, whofe attra6ted part does not propel the part at- 
trading, but is only Hopped and fuflained thereby. 

Suppofe now that ACB reprefents fome fmall body on 
the earth’s furface ; then, becanfe the mutual attradions of 
this particle, and of the remaining part ACD of the earth to- 
wards each other, are equal, but the attradion of the particle 
towards the earth (or its weight) is as the matter of the par- 
ticle (as we have proved by the experiment of the pendulums), 
the attraidion of the earth towards the particle will likewife 
be as the matter of the particle ; and therefore the attrac^live 
forces of all terreftrial bodies will be as their feveral quantities 
of matter. 

The forces (p. 175), which are as the ma|ter in ter- 
reftrial bodies of all forms, and therefore are mutable 
with the forms, muft be found in all forts of bodies whatfe- 
ever, celeftial as well as terreftrial, and be in all propor- 
tional to their quantities of matter, becaufe among all there 
is no difference of fubftance, but of modes and forms only. 
But in the celeftial bodies the fame thing is likewife proved 
thus. We have {hewn that the adlion of the circum-folar 
force upon all the planets (reduced to equal diftances) is as 
the matter of the planets ; that the a6tion of the circum-jovial 
force upon the fatellites of Jupiter obferves the fame law; 
and the fame thing is to be faid of the attra6lion of all the 
planets towards every planet ; bnt thence it follows (by prop. 
69 ) that their attradive forces are as their feveral quantities 
of matter. 

C 4 
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As the parts of the earth mutually attra(5l one another, fo 
do ihofe of all the planets. If Jupiter and its fatellites were 
brought together, and formed into one globe, without doubt 
they would continue mutually to attra(!il one another as be- 
fore. And, on the other hand, if the body of Jupiter was 
broke into more globes, to be fure, ihefe would no lefs attract 
one another than they do the fatellites now. From thefe al- 
tradionsit is that the bodies of the earth and all the planets 
effed a fphcrical figure, and their parts cohere, and are not 
difperfed through the a;ther. But we have before proved that 
thefe forces arife from the univerfal nature of matterfp. 177), and 
that, therefore, the force of any whole globe is nlade up of the 
feveral forces of all its parts. And from thence it follows (by 
cor. prop. 74) that the force of every particle decreafes iD 
the duplicate proportion of the diftance from that particle ; 
and (by prop. 73 and 7 a) that the force of an entire globe, rec- 
koning from the furfacc outw^ards, decreafes in the duplicate, 
but, reckoning inwards, in the limple proportion of the dif- 
tances from the centres, if the matter of the globe be uniform. 
And though the matter of the globe, reckoning from the cen- 
tre towards the furface, is not uniform (p. 177 , 178 ), yet 
the decreafe in the duplicate proportion of the diftance out- 
wards vvoul(^(by prop. 7 h) take place, provided that difformi- 
ty is fimi||||n places round about at equal diftances from the 
centre. And two fuch globes will (by the fame propofition) 
attra<ft one the other with a force decreafing in the duplicate 
proportion of the diftance between their centres. 

Wherefore the abfolute force of every globe is as the quan- 
tity of matter which the globe contains ; but the motive force 
by which every globe is attraded towards another, and which, 
in terreftrial bodies, we commonly call their weight, is as the 
content under the quantities of matter in both globes applied 
to the fquare of the diftance between their centres (by cor. 4 , 
prop. 76 ), to which force the quantity of motion, by which 
each globe in a given time will be carried towards the other, 
is proportional. And the accelerative force, by which every 
globe according to its quantity of matter is attradled towards 
another, is as the quantity of matter iu that other globe ap- 
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plied to tlie fquare of the diftance between the centres of the 
two (by cor. 2, prop. 7^) ; to which force, the velocity^ by 
which the aliradted «lobe will, in a given time, be carried to- 
wards the other is proportional. And from theie principles 
well underftood, it will be now eafy to determine the motions 
of the ccleitial bodies among themfelvcs. 

From coll^paring the forces of the planets one with ano- 
ther, we have above feen that the circiim-folar docs more 
than a thoul'and times exceed all the reft; but by the adion 
of a force fo great it is unavoidable but that all bodies with- 
in, nay, and far beyond, the hounds of the planetary iyftem 
muft defoeird dirc6fly to the fun, unlefs by other motions they 
arc impelled towards other parts : nor is our earth to be ex- 
cluded from the number of fuch bodies; for certainly the 
moon is a bod|lof the fame nature with the planets, and fub- " 
jeeft to the fame atlraddons with the other planels, feeing it is 
by the circum-terreftrial force that it is retained in its orbit. 
But that the earth and moon are equally nttraFtcd towards 
the fun, we have above proved; we have likewife before 
proved that all bodies are fubje6t to the faid coinmoq^.laws of 
attradlion. Nay, ftippofing any of ihofe l)odics to blf^epriv- 
ed of Its circular motion about the fun, by having its diftance 
from the fun, we may find (by prop. Sb) in what fpacc of time 
it would in its defeent arrive at the fun ; to wft, in half that 
periodic time in which the body might be revolved at one 
half of its former diftance ; or in a fpace of time that is to the 
periodic time of the planet as 1 to4\/2; as that Venus in 
its defeent would arrive at the fun hi the l])ace of 40 days, 
Jupiter in the fpace of two years and one nioiitli, and the 
earth and moon together in the f[)ace of GG days and 19 
hours. But, fince no fuch thing happens, it muft needs be, 
that thofe bodies are moved towaids other parts (p. .‘3, vol, 
1), nor is every motion fufiicient for this purpofe. To 
hinder fuch a defeent, a due proportion of velocity is re- 
quired. And hence depends the force of the argument 
drawn from the retardation of the motions of the planets, 
Unlefs the circum-folar force decreafed in the duplicate ratio 
of their increafmg llowncfs, the excefs thereof would force 
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thofe bodies to delcend to the fun ; for inftance, if the mo- 
tion {cateris paribus) was retarded by one half, the planet 
would be retained in its orb by one fourth of tlie former cir- 
cum-folar force, and by the excefs of the other three fourths 
would defeend to the lun. And therefore the planets (Sa- 
turn, Jupiter, Mars, Venus, and Mercury) are not really retard- 
ed in their perigees, nor become really ftationaljf^ or regref- 
five witli How motions. All thefe are but apparent, and the 
abfolute motions, by which the planets continue to revolve in 
their orbits, are always dirod, and nearly equable. But that 
fuch motions are performed about the fun, we have already 
proved ; and therefore the fun, as the centre of die abfolute 
motions, is quicfceiit. For we can by no means allow quie- 
fcence to the earth, left the planets in their perigees lliould 
indeed be truly retarded, and become truly ftflUonary and re- 
grefiive, and fo for want of motion fliould defeend to the fun. 
But farther; fince the planets (Venus, Mars, Jupiter, and the 
reft) by radii drawn to the fun deferibe regular orbits, and 
areas (as we have (hewn) nearly and to fenfe proportional to 
the times, it follows (by prop. 3, and cor. 3, prop. 6o) that 
the fun is moved with no notable force, unlefs perhaps with 
fuch as all the planets are equally moved with, according to 
their feveral quantities of matter, in parallel lines, and fo the 
whole fyftem is transfered in right lines. Rejed that tranf- 
lation ot the whole fyftem, and the fun will be almoft qnie- 
feent in the centre thereof. If the fun was revolved about 
the earth, and carried the jother planets round about itfelf, the 
earth ought to attrad the fun with a great force, but the 
circum-folar planets with no force producing any fenfible 
effed, which is contrary to prop. 3, cor. 65. Add to this, 
that if hitherto the earth, becaufe of the gravitation of its 
parts, has been placed by moft authors in the lowermoft re- 
gion of the univerfe ; now, for better reafon, the fun poflelTed 
of a centripetal force exceeding our terreftrial gravitation a 
thoufand times and more, ought to be depreffed into the 
lowermoft place, and to be held for the centre of the fyftem. 
^And thus the true difpofition of the whole fyftem will be more 
*fully and more exadly underftood. 
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Becaufe the fixed ftars are quieicent one in refpe^i: of 
another (p. 182, 188), we may confider the fun, eat-th, and 
planets, as one fyftem of bodies carried hither and thither by 
various motions among themfelves; and the commom centre 
of gravity of all (by cor. 4 of the laws of motion) will either 
be quiefcenl, or move uniformly forward in a right line: in 
which cafe the whole fyftem will likcwife move uniformly 
forward in right lines. But this is an hypothefis hardly to be 
admitted ; and, therefore, fetting it afide, that common cen- 
tre will be qiiiefcent; and from it the fun is never far remov- 
ed. Tlie vommon centre of gravity of the fun and Jupiter 
falls on the iurlace of the fun ; and though all the planets 
were placed towards the fame parts from the fun with Jupiter 
the common centre of the fun and all of them would fcarcc- 
ly recede twice as far from the fun’s centre; and, therefore, 
though the fun, according to the various fituation of the planets, 
is varioufty agitated, and always wandering to and fro with a 
flow motion of libration, yet it never recedes one entire dia- 
meter of its own body from the quiefeent centre of the whole 
fyftem. But from the weights of the fun and planets above 
determined, and the fituation of all among themfelves, their 
common centre of gravity may be found; and, this being 
given, the fun’s place to any fuppofed time may be obtained. 

. About the fun thus libraled the other planets are revolv- 
ed in elliptic orbits (p. 184), and, by radii drawn to the 
fun, deferibe areas nearly proportional to the times, as is ex- 
plained in prop. 65. If the fun was quiefeent, and the 
other planets did not a6l mutually one upon another, their 
orbits would be elliptic, and the areas exadlly proportional 
to the times (by prop. 1 l,and cor. 1, prop. 13). But the adlions 
of the planets among themfelves, compared with the ac- 
tions of the fun on the planets, are of no moment, and pro- 
duce no fenfible errors. And thofe errors are lefs in revolu- 
tions about the fun agitated in the manner but now defcribed 
than if thofe revolutions were made about the the fun qui- 
efeent (by prop. 66, and cor. prop. 68), efpecially if the focus 
of every orbit is placed in the epmmon centre of gravity of 
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all the lower included planets ; viz. the focus of the orbit of 
Mercury in the centre of tlic fun; the focus of the orbit of 
Venus in the common ccmlrc of gravity of Mercury and the 
fun; the focus of the oihit of the earth in the common 
centre of gravity of Venus, Mercury, and the fun; and fo 
of the rell. A^^d by this means the foci of the mbits of all 
the planets, except Saturn, will not be fenfibly removed 
from the centre of the fun, nor will the focus of the orbit 
of Saturn recede fenfibly from the common centre of gravity 
of Jupiter and the fun. And therefore allronomers are not 
far from the trutli, when they reckon the fun’s centre the 
common focus of all the planetary orbits. In Saturn itfelf 
the error thence arifing does not exceed 1' And if its 
orbit, by placing the focus thereof in the common centre of 
gravity oF Jupiter and the fun, fliall happen to agree better 
with the phamomcna, from thence all that we have faid will 
be farther confirmed. 

If the fun was quiefeent, and the planets did not a6i: one on 
another, the aphelions and nodes of their orbits would likewife 
(by prop. 1, 11, and cor. prop. 13) be quiefeent. And the 
longer axes of their elliptic orbits would (by prop. 13) be as the 
cubic roots of the fquaresof their periodic times: and there- 
fore from the given periodic times would be alfo given. But 
thofe times are to be meafured not from the cquinodial points, 
which are moveable, but from the firfi: liar of Aries. Put 
the femi-axis of the earth’s orbit 100000, and the femi-axes 
of the orbits of Saturn, Jupiter, Mars, Venus, and Mercury, 
from their periodic times, will come out 933806, 5C01 1 6 , 
152399j 72333, 387 10 relpc^ively. But from the fun’s motion 
every femi-axis is increafed (by prop. 60) by about one 
third of the diftance of the fun’s centre from the common 
centre of gravity of the fun and planet (p. 183, 186.) And 
from the actions of the exterior planets on the interior, 
the periodic times of the interior are fomething protra61;ed, 
though fcarcely by any fenfible quantity; and their aphelions 
arc tiansfered (by cor. 6 and 7, prop. 66) by very flow mo- 
tions in confequentia. And on the like account the periodic 
times of all, efpecially of the exterior planets, will be pro- 
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longed by the adions of the comets, if ^iny fuch there are, 
without the orb of Saturn, and the aphelions of all will be 
thereby carried forwards in confequentia. But from the pro- 
grefs of the aphelions the regrefs of the nodes follows (by cor. 
11 , 13 , prop- 66). And if the plane of the ecliptic is quie- 
fcent, the regrefs of the nodes (by cor. l6, prop. 66) vvill 
be to the progrefs of the aphelion in every orbit as the re« 
grefs of the nodes of the moon’s orbit to the progrefs of its 
.apogeon nearly, that is, as about 10 to21. But aftronorai- 
cal obfervations fcem to confirm a very flow progrefs ol tiic 
aphelions, and a regrefs of the nodes in refpe<it of the fixed 
ftars. And hcncc it is probable that there are comets in the 
regions beyond the planets, which, revolving in very eccentric 
orbs, quickly fly through their perihelion parts, and by an ex- 
ceedingly flow motion in their aphelions fpend alinoll their 
whole time in the regions beyond the planets; as we fliall 
afterwards explain more at large. 

The planets thus revolved about the fun (p. 197» IQBj 199) 
may at the fame time carry others revolving about them- 
fclvcs as fatcllitcs or moons, as appears by prop. 66. But from 
the adion of the fun our moon mull move with greater ve- 
locity,* and, by a radius drawn to the earth, deferibe an area 
greater for the time; it mull have its orbit lets curve, and 
therefore approach nearer to the earth in the lyzygies than 
in the quadratures, except in fo far as the motion of eccentri- 
city hinders thole efleds. For the eccentricity is greatell 
when the moon’s apogeon is in the lyzygies, and leafi; when 
the fame is in the quadratures ; and hence it is that the 
perigeon moon is fwifter and nearer to us, but the apogeon 
moon flower and farther from ns, in the fyzygies than in the 
quadratures. But farther; the apogeon has a progreflive 
and the nodes a regrelTive motion, both unequable. For the 
apogeon is more fwiftly progreflTive in its fyzygies, more 
flowly regrelTive in its quadratures, and by the excefs of its 
progrefs above its regrefs is yearly transfered in confequentia : 
but the nodes are-quiefeent in their fyzygies, and moll fwift- 
ly regreflive in their quadratures. But farther, llill, the great- 
ell latitude of the moon is greater it its quadratures than in . 
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its fyzygies; and the mean motion fwiFter in the aphelion of 
the earth than in its perihelion. More inequalities in the 
moon’s motion have not hitherto been taken notice of’ by 
aftronomers: but all thefe follow from our principles in cor. 
2, 3, 4, 5, 6, 1, 8, 9, 10, II, 13, prop. 66, and are known 
really to exift in the heavens. And this may be fecn in that 
moft ingenious, and, if f millake not of all, the moft accurate, 
hypolhefis of Mr. Horrox, which Mr. Flamjied has fitted to 
the heavens; but the afhonomical hypothefes are to be cor- 
re^led in the motion of the nodes ; I’or the nodes admit the 
greatefl equation or profthaphierefis in their odants, and 
this inequality is mofl confpicuous when the moon is in the 
nodes, and therefore alfo in the odlants ; and hence it was 
that Tycho, and others after him, referred this inequality to 
the odants of the moon, and made it menftrual ; but the rea- 
fons by us adduced prove that it ought to be referred to the 
o6fants of the nodes, and to be made annual. 

Bcfide thofe inequalities taken notice of by aftronomers 
(p. 198, 233 to 237b fhere are yet fome others, by which 
the moon’s motions are lb difturbed, that hitherto by 
no law could they be reduced to any certain regulation. For 
the velocities or horary motions of the apogee and nodes of 
the moon, and their equations, as well as the difference be« 
tvvixt the greatefi; eccentricity in the lyzygies and the leafl 
in the quadratures, and that inccjuality which we call the va- 
riation, in the progrefs of the year are augmented and dimi- 
nifhed (by cor. 14, prop, G6) in the triplicate ratio of the fun’s 
apparent diameter. Bclidc that, the variation is mutable 
nearly in the duplicate ratio of the time between the quadra- 
tures (by cor. 1 and 2, lem. 10, and cor. Ki, prop. G6');.and 
all thofe inequalities are fomething greater in that part of the 
orbit which reipeds the fun than in the oppofite part, but 
by a difference that is fcarcely or not at all perceptible. 

By a computation (p. 209), which for brevity’s fake 
I do not deferibe, I alfo find that the area which the moon 
by a radius drawn to the earth deferibes in the feveral equal 
moments of time is nearly as the fum of the number 237^, 
and verfed fine of the double dillance of the moon from the 
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neareft quadrature in a circle whofe radius is unity ; and th^re* 
fore that the fquare of the moon’s diftance from the earth is 
as that fum divided by the horary motion of the moon. 
Thus it is when the variation in the o(Sl:ants is in its mean 
quantity ; but if the variation is greater or lefs, that verfed 
fine tnuft be augmented or diminiflied in the hime ratio. 
Let aftronomers try how exadly the diftances thus found 
will agree with the moon’s apparent diameters. 

From the motions of our moon we may derive the motions 
of the moons or fiitellites of Jupiter and Saturn (p. 199); for 
the mean motion of the nodes of the outmoft fatellite of 
Jupiter is to the mean motion of the nodes of our moon in a 
proportion compounded of the duplicate proportion of the 
periodic time of the earth about the fun to the periodic time 
of Jupiter about the fun^ and the limplc proportion of the pe- 
riodic time of the fatellite about Jupiter to the periodic time 
of our moon about the earth (by cor. Ifi, prop. 66) : and there- 
fore thofe nodesj in the fpace of a hundred years, are car- 
ried 8® 24' backwards, or in antecemlentia. The mean mo- 
tions of the nodes of the inner fatellites are to the (mean) mo- 
tion of (the nodes of) the outmoft as their periodic times to 
the pej:iodic time of this, by the fame corollary, and arc 
thence given. And the motion of the apfis of every fatellite 
in confequentia is to the motion of its nodes in anttcedmtia^ as 
tlie motion of the apogee of our moon to the motion of its 
nodes (by the fame corollary), and is thence given. The 
greateft equations of the nodes and line of the apfes of each 
fatellite are to the greateft equations of the nodes and the line 
of the apfes of the moon refpedively as the motion of the 
nodes and line of the apfes of the fatellites in the time 
of one revolution of the firft equations to the motion 
of the nodes and apogeon of the moon in the time of 
one revolution of the laft equations. The variation of a 
fatellite feen from Jupiter is to the variation of our moon in the 
fame proportion as the whole motions of their nodes relpec- 
tively, during the times in which the fatellite and our moon 
(after parting from) are revolved (again) to the fun, by the 
fame corollary ; and therefore in the outmoft fatellite the 
variation does not exceed 5" 12'". From the fmall quantity 
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of tlioie inequalities, and the llovvnefs of the motions, it hap- 
pens that the motions of the fatellites are found to be fo re- 
gular, that the more modern afhonoiiKTS either deny all mo- 
tion to the nodes, or alDrm them to be veiy llowly re- 
greirive. 

(P. ISG). While the planets are thus revolved in orbits 
about remote centres, in the mean time they make their fe- 
veral lotalioiis about thcii proper axes; the fun in ‘26 days; 
Jupiter in j{i' ; JMars in 2*1 j'.; Venus in 2:)'’. ; and that 
in planes not miieh inclined to the plane of the ecliptic, and 
according to the older of the figns, as allronomers detcimine 
from the I’jajls or uiacukc that by tin ns piefent thcmfclves 
to our fight in their bodies; and there is a like revolution of 
our earth perfoimed in 24*’. ; and thofc motions are neither ac- 
celerated nor letarded by the actions of the centripetal forecs, 
as appears by cor. 22, proj>. (it) ; and therefore of all others 
they are the inoft^^r^able and moft til for the menluration of 
time; hut ihofe revolutions aie to be leekoned equable not 
from their return to the fun, hut to fume iixed ftar : for as 
the pofition of the planets to the fun is iinccjuahly varied, the 
rcNolnlions of tiiofe planets from fun to fun are rendered un- 
equable. 

fn like manner is the moon revolved about its axis by a 
motion moft equable in rclpect of the fixed ftars, viz. in 27k 
7’'. 43', that is, in the fpace of a fidcroal month ; fo that this 
diurnal motion is equal to the mean motion of the moon in its 
01 bit: upon v^likh account, the fame face of the moon al- 
ways refpecis the eeiitie about which this mean motion is per- 
foimed, that is, the exterior locus of the moon’s orbit nearly ; 
and hence arifcs a deiiefaion of the moon’s face from the 
earth, Ibmetiincs lowanK the cafr, and other times towards 
the weft, according to the pofition of the focus which it re- 
fpeefs; and this deflection is equal to the equation of the 
moon’s ojbit, or to flic difference betwixt its mean and true 
motions ; and this is the moon’s libration in longitude : but it 
is likewife affected wit!) a libration in latitude arifingfrom the 
inclination of the moon’s axis to the plane of the orbit in 
which the moon is revolved about the earth ; for that axis re^ 
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tains the fame pofitioii to the fixed fi;ars nearly, and hence 
the poles prefent themfcives to our view by turns, as we may 
underihind from the example of the motion of the earthy 
whofc poles, by reafon of the inclination of its axis to the 
plane of the ecliptic, are by turns illuminated by the fun. 
To determine cxae^lly the pofition of the moon’s axis to the 
fixed liars, and the variation of this pofition, is a problem wor- 
thy of an allronomer. 

By reafon of the diurnal revolutions of the planets, the mat- 
ter which they contain endeavours to recede from the axis of 
this motion ; and hence the fiuid parts rifing higher to^^Ups 
the equator* than about the poles (p. 187)? would lay the^Tblid 
parts about the equator under water, if thole parts did not 
rife alfo (p. 187, IQl, 192): upon which account the planets 
are fomething thicker about the et]nator than about the 
poles; and their equinodial points (p. 197) thence become 
regrellive; and their axes, by a motion Oi nutation, twice in 
every revolution, libratc towards their ecliptics, and twice re- 
turn again to their former inclination, as is explained in cor, 
18, prop. 6(i ; and hence it is that Jupiter, viewed through 
very long telefcopes, does not appear altogether round (p. 191), 
but having its diameter that lies parallel to the ecli[)tic fome- 
ihing longer than that which is drawn from north to fouth. 

And from the diurnal motion and the attra 61 ions (p, 200, 
204) of the fun and moon our fea ought twice to rife and 
twice to fall every day, as well lunar as folar (by cor. IQ, 20, 
prop. G(j), and the greateft height of the water to happen be- 
fore the fixth hour of either day and after the twelfth hour 
preceding. ^ By the flownefs of the diurnal motion the flopd 
is retraded to the twelfth hour ; and by iHPforce of the mo- 
tion of reciprocation it is protruded and deferred till a time 
nearer to the fixth hour. But till that time is more certainly 
determined by the phasnomena, choofing the middle between 
thofe extremes, why may we not conjedure the greateft 
height of the water to happen at the third hour? for thus the 
water will rife all that time in which the force of the lumi- 
naries to raife it is greater, and will fall all that time in which 
their force islefs ; viz. from the ninth to the third hour when 
VoL. III. D 
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that force is greater, and from the third to the ninth when it 
is lefs. The hours I reckon from the appulfe of each lumi- 
nary to the meridian of the place, as well under as above the 
horizon; and by the hours of the lunar day 1 underlland the 
twenty-fourth parts of that time which the moon fpends be- 
fore it comes about again by its apparent diurnal motion to 
the meridian of the place which it left the day before. 

But the two motions which the two luminaries raife will not 
appear diftinguilhed, but will make a certain mixed motion. In 
fheconjun6tion or oppofition of the luminaries their forces will 
b€||||||joined, and bring on the grcatefl flood and ebb. In the 
qu^atures the fun will raife the waters which thembon deprel- 
feth, and deprefs the waters which the moon rail’cth ; and I'rom 
the difference of their forces the fmalleft of all tides will follow. 
And becaufc (as experience tells us) the force of the moon 
is greater tluin that of the fun, the grcalell height of the 
water will happen about the third lunar hour. Out of the 
lyzygics and quadratures the greateft tide which by the fingle 
force of the moon ought to fall out at the third lunar hour, 
and by the fiugle force of the fun at the third folar hour, by 
the compounded forces of both muff fall out in an inter- 
mediate time that approaches nearer to the third hour of the 
moon Uian to that of the fun ; and, therefore, while the moon 
IS palling from the fyzygies to the quadratures, during 
which time the third hour of the fun precedes the third of 
the moon, the greateft tide will precede the third lunar hour, 
and that by the greateft interval a little after the odants of 
the moon; and by like intervals the greateft tide will follow 
the third lunar h^r, while the moon is paffing from the qua- 
dratures to the fj^lgics. ^ 

But the effedis of Ihe luminaries depend upon their diftances 
from the earth; for when they are lefs diftant their effedls. 
are greater, and when more diftant their effeds are lefs and 
that m the triplicate proportion of their apparent diameters. 
Therefore it is that the fun in the winter time, being then 
m Its perigee, has a greater effed, and makes the tides in the 
fyzygies fomething greater, and thofe in the quadratures 
fomething lefs, cceUris paribus, than in the fummer feafon • 
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and every month the moon, while in the perigee, rai^elh 
greater tides than at the diftanee of 15 days before or after, 
when it is in its apogee. Whence it comes to pafs that two 
higheft tides do not follow one the other in two immediately 
fucceeding fyzygies. 

The elfed of either luminary doth likcwlfe depend upon its 
declination or dillance from the equator; for if the luminary 
was placed at the pole, it would conftantly attradl; all the 
•parts of the waters, without any intcnfion or remilhon of its 
a6lion, and could caufe no reciprocation of motion ; and, 
therefore, /is the luminaries decline from the equator 
wards cither pole, they will by degrees lofc their force, 
on this account will excite lelfcr tides in the folftitial than 
in the e([uino6hal f 3 T.ygies. But in the folftitial quadratures 
they will raife greater tides than in the quadratures about the 
equinoxes; becaufe the ellccf of the moon, then fituated in 
the equator, mod exceeds the cffeid of the fun ; therefore the 
greateft tides fall out in thole lyzygies, and the lead in thofe 
quadratures, which happen about the time of both equinoxes; 
and the greated tide in the fyzygies is always fucceeded by 
the lead tide in the quadratures, as we find by experience. But 
becaufe *lhe fun is lefs didant from the earth in winter than 
in dimmer, it comes to pafs that the greated and lead tides 
more frequently appear before than after the vernal equinox, 
ail'd more frequently after than before the autumnal. 
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Moreover, the effeds of the luminaries depend upon the 
latitudes of places. Let 7\pEP reprefent the earth on 
all tides cohered with deep waters; C its centre; P, p, its 
poles; AE the equator; F any place without the equator; 
Ff the parallel of the place; Dd the correfpondent pa- 
rallel on the other fide of the equator; L the place 
which the moon polfelTcd three hours before; H the 
place of the earth diredly under It; h the oppofite place; K, 
k, the places at qo degrees di fiance; CH, Ch, the greatefl; 
* heights of the fea from the centre of the earth ; and CK, 
ggk, the lealt heights: and if with the axes Hh, Kk, an ellip- 
IBpisdefcribed, and by the revolution of that cllipfis about its 
longer axis Hh a fpheroid IlPKhpk is formed, this fphe- 
roid will nearly reprefent the figure of the fea ; and CF, Cf, 
CD, Cd, will reprefent the fea in the places F, f, D, d. But 
farther; if in the laid revolution of the ellipfis any point N 
deferibes the circle NM, cutting the parallels Ff, Dd, in any 
places R, T, and the equator AE in S, CN will reprefent the 
height of the fea in all thofe places R, S, T, fituated in this 
circle. Wherefore in the diurnal revolution of any place F 
the greatefl flood will be in F, at the third hour after the 
appulfe of the moon to the meridian above the horizon; and 
afterwards the greatefl ebb in Q, at the third hour after the 
fetting of the moon ; and then the greatefl flood in f, at the 
third hour after the appulfe of the moon to the meridian under 
the horizon ; and, laftly, the greatefl ebb in Q, at the third hour 
after the riling of the moon ; and the latter flood in f will be 
lefs than the preceding flood in F. For the whole fea is 
divided into two huge and hcmifphcrical floods, one in the 
hemifphere on the north fide, the other in the oppofite 

hemifphere KHkC, which we may therefore call the northern 
and the fouthern floods: thefe floods, being always oppofite 
the one to the other, come by turns to the meridians of all 
places after the interval of twelve lunar hours; and, feeing 
the northern countries partake more of the northern flood, 
and the fouthern countries more of the fouthern flood, thence 
arife tides alternately greater and lefs in all places with- 
out the equator in which the luminaries rife an4 fet. But the 
greater tjde^ will happen when the moon declines towards the 
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vertex of the place, about the third hour after the appulfe of 
the moon to the meridian above the horizon ; and when the 
moon changes its declination, that which was the greater tide 
will be changed into a lefler; and the greateft diflercnce of the 
floods will fall out about the times of the folitices, efpecially 
if the afeending node of the moon is about the firll of Aries. 
So the morning tides in winter exceed thofc of the 
evening, and the evening tides exceed thofe of the morn- 
•ing in fumnier ; at Fhjmouth by the height of one foot, 
but at Brijiolhy the height of 1. '3 inches, according to the 
obfervations of Colepnjs and Stiimi/. 

But tlie motions which we have been deferibing fufferfome 
alteration from that force of reciprocation which the waters 
[having once received] retain a little while by their vis infita ; 
whence it comes to pafs that the tides may continue for fome 
time, though the actions of the luminaries lliould ceafe. 
This power of retainihg the iinprefled motion leflens the 
difference of the alternate tides, and makes thofe tides which 
immediately fucceed after the fyzygies greater, and thofe 
which follow next after the quadratures Icfs. And hence it 
is that the alternate tides at Plymouth and Brijlol do not 
cbfier lAuch more one from the other than by the height of 
a foot, or of 15 inches; and that the greatcfl tides of all at 
thofe ports are not the firlt but the third after the lyzygies. 

’ And, befides, all the motions are retarded in their paffage 
through fliallow channels, fo that the greateft tides of all,' 
in fome flraits and mouths of rivers, are the fourth, or even 
the fifth, after tlie lyzygies. # 

It may alfo happen that the greateft tide may be the 
fourth or fifth after the lyzygies, or fall out yet later, becaufe 
the motions of the lea are retarded in palling through flial- 
low places towards the fhorcs ; for fo the tide arrives at the 
weftern coaft of Ireland at the third lunar hour, and an hour 
or two after at the ports in the Ibuthcrn coaft of the fame 
ifland ; as alfo at the illands Cajjiterides, commonly Sortings ; 
then fucceffivelylfat Falmouth, Plymouth, Portland, the ifle 
of Wight, Winchejier, Dover, the mouth of the Thames, and 
London Bridge, fpending twelve hours in this paffage, But 
^ D 3 
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farther ; the propagation of the tides may be obftru^ed even 
by the channels of the ocean itfelf, when they are not of 
depth enough ; for the flood happens at the third lunar hour 
in the Canary iflands \ and at all tliofe wcftern coafts that lie 
towards the Allanlic ocean, as of Ireland, France, Spain, and 
tiWJfrica, to the Cape of Good Jlope, except in fome fliallow 
places, where it is impeded, and falls out later; and in the 
ftraits of Gihraliar, where, hy reafon ol‘ a motion propagated 
from the mediterranean fca, it flows fooner. But, pafling 
from thofe coalts over the bread th of the ocean to the coatls 
of America, the flood arrives bill at the mofl caftern fliores of 
Brajil, about the fourth or fifth lunar hour ; then at the 
mouth of the river of the yJmazons at the flxth hour, but at 
the neighbouring iflands at the fourth hour; afterwards at 
the iflands of Bermudas at the feventh hour, and at port St. 
Augujlin in Florida at feven and a half. And therefore the 
tide is propagated through the ocean witli a flower motion 
than it fliould be according to the courfe of the moon ; and 
this retardation is very ncceflary, tliat the fea at the Tame 
time may fall between BrajU and Flew France, and rife at the 
Canary iflands, and on the coafls of Europe and Africa, and 
vice verfa : for the fca cannot rife in one place but by fall- 
ing in another. And it is probable that the Pacijic fea is 
agitated by the fame laws; for in the coafls of Chili and 
Peru the higheft flood is faid to happen at the third lunar 
hour. But >yilh what velocity it is thence propagated to the 
eallern coafts of Japan, the Fliilippine and other iflands ad- 
jacent to China, I have not yet learned. 

rarther; it may happen (p. 204) that the tide may be 
propagated from the ocean tli rough diflerent channels 
towards the fame port, and may pafs quicker through fome 
channels than through others, in which cafe the fame tide, 
divided into two or more fucceeding one another, may com- 
pound new motions of diflerent kinds. Let us ftippol’e one 
tide to be divided into two equal tides, the former whereof 
precedes the other by the fpacc of fix houi|^ and happens at 
the third or twenty-fevr-ith hour from the appulfe of the moon 
to the meridian of the port. If the moon a*, the time of this 
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appulfe to the meridian was in the equator, every fix hours al- 
ternately there would arile equal floods, which, meeting with 
as many equal ebbs, would fo balance one the other, that, for 
that day, the water would ftagnate, and remain quiet. If the 
moon then declined from the equator, the tides in the ocean 
would be alternately greater and lefs, as was faid ; and from 
hence two greater and two leflcr tides, would be alternately 
propagated towards that port. But tlie two greater floods 
would make the greatcft height of the waters to fall out in the 
middle time betwixt both, and the greater and leflbr floods 
would make the waters to rife to a mean height in the mid- 
dle time between them ; and in the middle time between t^ie 
two leller floods the waters would rife to their lead height. 
Thus in the fpace of twenty hours the waters would come, 
not twice, but once only to their greatcft, and once only to 
their leaft height; and their greatcft height, if the moon de- 
clined towards the elevated pole, would happen at the fixtb 
or thirtieth hour after the aj)pulfe of the moon to the meri- 
dian ; and when the moon changed its declination, this flood 
would be changed into an ebb. 

Of all which we have an example in the port of Batfliam, 
in the kingdom of Tunquin, in the latitude of <2(f 50' north. 
In that port, on the day which follows after the pafl’age of the 
moon over the equator, the waters ftagnate ; when the moon 
de'clines to the north, they begin to flow and ebb, not twice, 
as in other ports, but once only every day ; and the flood 
liappens at the letting, and the greateft ebb at the rifing of 
the moon. This tide iiicreafeth with the declination of the 
moon till the feventli or eighth day; then for the feventh or 
eighth day following it dccieafeth at the fame rate as it had in- 
creafed before, and ceafeth when the moon changclli its de- 
clination. After which the flood is immediately changed 
into an ebb ; and thenceforth the ebb happens at the letting 
and the flood at the rifing of the moon, till the moon again 
changes its declination. There are two inlets from the ocean 
^0 this port ; onf'more direbl and Ihort between the illand 
tiainan and ihecoaft q\' Qmntung, a province China ; the 
other round between the fame ifland and the coaft of 
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Cochim ; and tlirough the Ihorler paftage the tide is fooner 
propagated to Batjh.nn. 

In tlie channels n’ rivers the influx' and reflux depends 
upon the cune'nt of the rivers, vvli'eli ohflna^^ls the ingrefs of 
the waters from the fea, and promotes their egrels to the lea, 
making tlte ingrefs later and flower, and the egrels fooner 
and fafler; and lienee it is that the reflux is ol‘ longer du- 
ration than the influx, efpceially far up the riveis, wheic the 
foi eeof theleuisJeis. So Stiirihj lelU us, that in the x'wQxJvony 
three miles below Jhijioi, tin water flows only five'hours, but 
ebbs feven; and without (iuui*t the diiTerenec is yet greater 
above Jjrijiol, n^xxlCanJliam or the liutli, Thisdilleicncedoes 
likewife depend upon the cpiaiillly of the flux and reflux; 
for the more yoliemcnt motion oi the lea near the fyzygies 
of the luminaries more cafl’y overcoming the relilhmcc of the 
tivers, will make the ingref'' of the walcrto ha[)pen fooner aud 
to continue longer, and will thercfcie dimimih this dilference. 
But while the moon is approaching to the fyzygies, the rivers 
will be more plmitifully lilled, their currents beimr obliru61ed 
the greatnefs of the tides, and therctore will fomething 
more retard the reflux of the fea a little after than a little be- 
fore the lyzygies. Upon which account tliellowcil tick's of all 
will not happen in the fyzygies, but prevent them a little; 
and I cjbferved above that the tides before the fyzygies were 
alfo retarded by the force of the fun ; and from both caufes 
conjoined the retardation of the tides will be both greater and 
fooner before the fy7.ygit‘s. All which 1 find to he fo, by the 
tide-tables which F/amfitd has coinpofed from a great many 
obfervations. 

By the laws we have been deferibing, the times of the 
tides arc governed ; hut the greatnefs of the tides depends 
upon the great nefs of the feas. Let C reprefent the centre 
of the earth, EAD13 the oval figure of the feas, CA the lon- 
ger femi'axis of this oval, CB tlic fliorter infilling at right 
angles upon the former, D the middle point between A and 
B, and J'lC F or eCf the angle at the centr||of the earth, fub- 
tended by the breadth of the fea that terminates in the Ihores 
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die between the points E, F, and the point D In the middle 
between the points e, if the difference of the heights 
CJ^, reprefent the quantity of the tide in a very deep fea fur- 
(ouiidiiig the whole earth, the excefs of the height CA above 
the height CE or CF will reprefent the quantity of the tide 
in the middle of the fea EF, terminated by the Ihores E, F ; 
and the cxcefs of the height Ce above the height Cf will 
nearly reprefent the quantity of the tide on the Ihores f of the 
fame fea. Whence it appears that the tides are far lefs in 
the middle of the fea than at the (liores; and that the 
tides *at the (bores are nearly as EF (p. (243, 244), the 
breadth of the fea not exceeding a quadrantal arc. And 
hence it is that near the equator, where the fea between 
Africa and America is narrow*, the tides arc far lefs than to- 
wards cither fide in the temperate zones, where the feas are 
extended wider; or on almoft all thqj^res of the Pac/^'c fea, 
as well towards America as towards and within as well 

as without the tropics ; and that in illands in the middle 
of the fea they fcarcely rife higher than two or tliree feet, 
but on the (bores of great continents are three or four times 
greater, and above, efpecially if the motions propagated from 
the ocean are by degrees contra6led into a narrow (pace, and 
the water, to fill and empty the bays alternately, is forced to 
flow and ebb with great violence through (hallow places ; as 
Plymouth and Chepjiow Bridge in England, at the mount of 
St. Michael and town of Avranches in Normandy, and at 
Cambaia and Pegu in the Eaft Indies, In which places, the 
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fea, hurried in and out with great violence, ibmetimes lays the 
iliores under water, Ibmetimes leaves them dry, for many 
miles. Nor is the force of tlie influx and cfHux to be broke 
till it has raifed or de[)reired the water to forty or fifty feet and 
tnore. Thus alfo long and (hallow (traits that open to the 
fea with mouths wider and deeper than the reft of their chan- 
nel (fuch as thofe about liritain, and the Magellanic Straits 
at the eaftcni entry) will have a greater flood and ebb, or 
will more intend and remit their courfc, and therefore will 
rife liigher and be deprelled lower. On the coaft of Snt'ih 
.Arntrica it is (aid that the Pacific fea in its reflux fometimes 
retreats two miles, and gets out of fight of thofe that Hand on 
(bore. Whence in thefe places the floods will be alfo higher ; 
but in deeper waters the velocity of influx and efHux is always 
Icfs, and therefore the afeent and defeent is fo too. Nor iq 
fuch places is the ocean known to afeend to more than (ix, 
eight, or ten feet. The quantity of tlic afeent 1 compute in 
thfe following manner. 

Let S reprefent the fun, T the earth (p. 20.5, 206), P the 
moon, PAG 13 the mooifts orbit. In SP take SK equal to ST 



and SL to SK in the duplicate ratio of SK to SP. Parallel 
to PT draw LM ; and, fuppoling the mean quantity of the 
circum-folar force directed towards the earth to be reprefen t- 
cd by the diftance ST or SK, SL will reprefent the quantity 
thereof directed tow^ards the moon. But that force is com- 
pounded of the parts SM, LM ; of which the force LM, and 
that part of SM which is reprefented by TM, do difturb the 
motion of the moon (as appears from prop. C6, and its corol- 
laries). In fo far as the earth and moon are revolved about 
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their common centre of gravity, the earth will be liable to the 
adion of the like forces. But we may refer the fums as well 
of the forces as of the motions to the moon, and reprefent the 
fums of the forces by the lines TM and ML, which are pro-> 
portional to them. The force LM, in its mean quantity, is 
to the force by which the moon may be revolved in an orbit, 
about the eartli quiefeent, at the dillance PT in the duplicate 
ratio of the moon’s periodic time about the earth to the earth’s 
periodic time about the fun (by cor. 17, prop, (if)); that is, 
in "Uic duplicate ratio of 7^. 4‘f to fi’’. f/, or as 1000 
to ] 78725,^01’ I to 178JJ. The force ]>y which the moon 
may be revolved in its orb about the earth in red, at the dif- 
tance PT of ()0| fe mi-diameters of the earth, is to the force 
by which it may revolve in the fame time at tlie diftance of 
6o femi-diameters as 60| to 60; and this force is to the force 
of gravity with us as I to ()0 x 60 nearly; and therefore the 
mean force ML is to the force of gravity at the furlace of the 
earth as I X 60i to 60 X Go X 17 SU, or 1 to 638092,6. 
Whence the force TM will be alfo given from the propor- 
tion of the lines TM, ML. And thefc arc the forces of the 
fun, by which the moon’s motions are difturbed. 

If from the moon’s orbit (p. <240) we defeend to the earth’s 
furface, thofe forces will be diminiflied in the ratio of the dif- 
tances 60i and 1 ; and therefore the force LM will then be- 
come 38604600 Limes lefs than the force of gravity. But 
this force ading equally every where upon the earth, will 
fcarcely effed any change on t^ motion of the fea, and 
thcreiore may be neglefted in the^xplication of that motion. 
The other force TM, in places where the fun is vl^rtical, or in 
their nadir, is triple the quantity of the force ML, and there- 
fore but 1<2868200 times lefs than the force of gravity. 

Suppofe now ADBE to reprefent the fpherical furface of 
the earth, aDbE the furface of the water overfpreading it, 
C the centre of both, A the place to which the fun is vertical, 
B the place oppofite ; D, E, places at 90 degrees diftance 
from the former; ACEmlk a right angled cylindric canal pair- 
ing through the earth’s centre. The force 7’M in any place 
is as the diftance of the place from the plane DE^ on which 
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a line from A fo C infifls al right angles, and ihercfore in the 
part of the canal which is reprefonted by ECim is of no ijuan- 
tit}', but in theotlicr j)art AClk is as the gravity at the feveral 
heights; ibr in defee d.iig towards the centre of tlie earth, 
gravity is (by prop. 7 o> every where as the height; and there- 
fore the force T\I drawing the water upwards will diminilli 
its gravity in the leg AClk of the canal in a given ratio : up- 
on which account the water will nfe mmI in this leg, till its 
defebl of gravity is fupplied by its giv.aer height; nor will 
it rcfl in an 0 {juihbriLim tdl its total gravity becomes 
equal to llic total gravity in EChn, the other leg of the 
canal. JC'caufe the gravity of every particle is as its 
difhince from the eartlfs centre, the weight of the wdiole 
water in either leg will irflieafc in tbiC iluplicatc ratio of the 
height; and tlierelurc the height of the water in the leg 
AClk will be to the height thereof in the leg ClinE in the 
fubduplicate ratio of the number 12868201 to 12868200, or 
in the ratio of the nuinher 2 o 62:10 j 3 lo the number 25623052, 
and the height of tlie water in the leg EClm to the difference 
of the lieighls, as 25623052 to 1 . But the height in the leg 
EClm is of 10615800 Paris feet, as has been lately found by 
the menluralion of the French ; and, therefore, by the preced- 
ing analogy, the dilfcrcnce of the heights comes out 9 - 5 - inches 
of the Paris foot; and the fun’s force will make the height 
of the fca at A to exceed the height of the fame at E by 9 
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inches. And though the water of the canal ACEmlk be fup- 
pofed to be frozen into a hard and fplid eonfitleiice, yet the 
heights thereof at A and E, and all other inleriuediate 
places, would ft ill remain the fame. 

Let Aa (in the following figui(') reprefent that excefs of 
height of 9 inches at A, aiul hf the excels of height at any 
other place h; and upon J3C let fall the perpendicular fG^ 
meeting the globe of tlie earth in F ; and becaufe the diftance 
^ the fun is fo great that all the right lines drawn thereto 
maX^be conftdered as parallel, the force TM in any place f 
will be ler the fame force in the place A as the fine FG to 
the radius AC. And, therefore, fince ihofc forces tend to the 
fun in the direction of parallel lines, they will generate th« 



parallel heights Ff, Aa, in the fame ratio ; and therefore the 
figure of the water Dfacb will be a fpheroid made by the re- 
vohition of an ellipfis about its longer axis ah. And tlic per- 
pendicular height fh will be to the oblique hciglit Ff as fG to 
fC, or as FG to AC : and therefore the height fh is to the 
height Aa in the duplicate ratio of FG to AC, that is, in the 
ratio of the verfed fine of double the angle DCf to double 
the radius, and is thence given. And hence to the fcveral 
moments of the apparent revolution of the 1‘im about the 
earth we may infer |he proportion of the afeent and defeent 
of the waters at any given place under the equator, aS well as 
of the diminution of that afeent and defeent, whether arifing 
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from tlie latitude of places or from the fun’s declination ; 
viz. that on account of the latitude of places, the ai'cent 
and defcent of the fca is in all places diminidied in the dupli- 
cate ratio of the co-fiiics of latitude; and on account of the fun’s 
declination, the afeent and defeent under the equator is dimi- 
nifhed in the duplicate ratio of tfie co-hue of declination. 
And in places witliout the equator the half fiiin of th.c morn- 
ing and evening afeents (tliatis, the mean afeent) is diniinifhed 
nearly in the fame ratio. 

Let S and L ^efpcdively reprefent the forces of the fun /iind 
moon placed in the equator, and at their mean diflances from 
the earth ; R the radius ; T and V the verfed fines of double 
the complements of the fun and moon’s declinations to any 
given time; D and £ the mean apparent diameters of the 
fun and moon : and, fuppofing F and G to be their apparent 
diameters to that given time, their forces to raife the tides un- 

VG^ TP 

der the equator will be, in the fyzygics, L + ^ 7 ^ S ; 

VG^ TF^ 

in the quadratures, L S. And if the fame 

ratio is likewife obferved under the parallels, from obferva- 
tions accurately made in our northern climates we iliay de- 
termine the proportion of the forces L and S ; and then by 
means of this rule predid; the quantities of the tides to every 
fyzygy and quadrature. 

At the mouth of the river Avon, three miles below Brijlol 
(p. 24 1,24(2,24.^5, 244), in fpring and autumn, the whole afeent 
of the water in the conjundion or oppofition of the lumina- 
ries (by the obfervation of Sturmy ) is about 45 feet, but in 
the quadratures only Q5. Becaufe the apparent diameters of 
the luminaries are not here determined, let us aflume them in 
their mean quantities, as well as the mooi^’s declination in 
the equinodial quadratures in its mean quantity, that is, 
and the verfed fine of double its complement will be 
. 1682 , fuppofing the radius to be 1000 . But the declinations 
of the fun in the equinoxes and of the moon in the fyzygie# 
ere of no^antity, and the verfed fines' double the comple- 
ments are each 2000 . Whence thofe forces become L -f S 
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„ 1682 T 

in the fyzygies, and L — S m the quadratures, refpec- 


lively proportional to the heights of the tides of 45 and 25 fe^t, 
or of 9 and 5 paces. And, therefore, multiplying the extremes 

, 1 r o 15138 T ^ ^ 

and the means, we iiave 5L + 5S = ^ ^ 


28000 

Tm 


S = 5tVS. 


But farther ; I remember to have been told, that in fum- 
me^ythe afeent of the fea in the fyzygies is to the afeent there- 
of ill the quadratures as about 5 to 4. In the folftices them- 
fclves it is probable that the proportion may be fomething 
Icfs, as about 0 to 5; whence it would follow that L is r: 

, 1 . . ^ 1082 
5JS [tor then the proportion + — b:L - — 

S : : 6 : 5]. Till we can more certainly determine the pro- 
portion from obfervation, let us affume L 5^S ; and fince, 
the heights of the tides are as the forces which excite them, 
and the force of the fun is able to raile the tides to the height 
of nine inches, the moon^s force will be fufficicut to raife the 
fame to the height of four feet. And if we allow that this 
height may be doubled, or perhaps tripled, by that force of 
reciprocation which we obferve in the motion of the waters, 
and by which their motion once begun is kept up for forne 
time, there will be force enough to generate all that quantity 
of tides which we really find in the ocean. 

Thus we have feen that thefe forces arc fufficient to move 
the fea. But, fo far as I can obferve, they will not be able 
to produce any other effc61; fenfible on our earth ; for fince 
the weight of one grain in 4000 is not fenfible in the niceft 
balance; and the fun’s force to move the tides is 128()8200 
lefs than the force of gravity ; and the fum of the forces of 
both moon and fun, exceeding the fun’s force only in the ra- 
tio of 6^ to 1, is Hill 2032890 times lefs than the force of 
gravity ; it is evident that both fciltes together are 500 times 
lefs than what is required fenfibly to increafe or diminifli the 
weight of any body in^ balance. And, therefore, will 
not fenfibly move any fufpended body ; nor will they pro- 
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duce any fenfible efFe6l on pendulums, barometers, bodie* 
Iwimming in llagnant water, or in the like ftatical experi- 
ments. In the atmofpherc, indeed, they will excite fuch a 
duic and reflux as they do in the lea, but with fo Imall a mo- 
tion tjbat no fenlible wind will he thence produced. 

If ihe efleds of both moon and fun in raifing the tides 
(p. 245), as well as their apparent diameters, were equal 
among themfelves, their abfolute forces would (by cor. 14, 
prop. 66) be as their magnitudes. But ihe efled of the moon 
is to the effed of the fun as about 5^ to 1 ; and the moo/i's. 
diameter lefs than the fun’s in the ratio of to'^Ttir of 
45 to 46. Now the force of the moon is to be ilicrcafcd in 
the ratio of the efted diredly, and in the trijdicatc ratio 
of the diameter inverfely. Whence the force of the 
moon compared with its magnitude will be to the force of 
the fun compared with its magnitude in the ratio compound- 
ed of 5 ^ to 1, and the triplicate of 45 to 46 inverfely, that is, 
in ,thc ratio of about 5 -^ to 1. And therefore the moon, in 
refped of the magnitude of its body, has an abfolute centri- 
petal force greater than the fun in refpc6l of the magnitude 
of its body in the ratio of 5^^ to ], and is thcicibrc more 
denfe in the fame ratio. 

In the time of 27*^. T’’. 43', in which the moon makes its 
revolution about the earth, a planet may he revolved about 
the fun at the diftance of 18,954 diameters of the fun from 
the fun’s centre, fu{)ppfing the mean apparent diameter of the 
fun to be 32y'; and in the fame time the moon may he revolv- 
ed about the earth at reft, at the diftance of 30 of the earth’s 
diameters. If in both cafes the number of diameters was the 
fame, the abfolute circum-terreftrial force would (by cor. 2, 
prop. 72) be to the abfolute circum-folar force as the magni- 
tude of the earth to the magnitude of the fun. Becaufe the 
number of the earth’s diameters is greater in the ratio of 30 to 
18,954, the body of the earth will be lefs in the triplicate of 
that ratio, that is, in thef^tio of S^^tol. Wherefore the 
earth’s force, for the magnitude of its body, is to the fun’s 
force, the magnitude of its body, as 3|f to 1 ; and confe- 
quently the earth’s denfity to the fim’s will be in the fame 
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ratio. Since, then, the moon's denfity is to the fun’s deniity 
as 5^ to'l, the moon’s denfity will be to the earth’s denfity 
as to 3|-y, or as ^3 to l6. Wherefore fince the moon’s 
magnitude is to the earth’s magnitude as about 1 to 41{, the 
moon’s abfolute centripetal force will be to the earth’s abfolute 
centripetal force as about 1 to 29, and the quantity of matter 
in the moon to the quantity of matter in the earth in the 
fame ratio. And hence the common centre of gravity oF'the 
earth and moon is more exadfly determined than hitherto has 
been done ; from the knowledge of whicli we may now infer 
the^ moon’s ditlance from the earth with greater accuracy. 
But I would rather wait till the proportion of the bodies of the 
moon and earth one to the other is more exa6lly defined from 
the phaenomena of the tides, hoping that in the mean time 
the circumference of the earth may be meafured from more 
diftant Hations than any body has yet employed for this 
purpofe. 

Thus I have given an account of the fyllem of the planets. 
As to the fixed liars, the fmallnefs of their annual parallax 
proves them to be removed to immenfe diftances from the 
fyllem of the planets : that this parallax is lefs than one mi- 
nute is moH certain ; and from thence it follows that the dill- 
ance of the fixed liars is above 360 times greater than the 
dillance of Saturn from the fun. Such as reckon the earth 
one of the planets, and the fun one of the fixed liars, may 
remove the fixed liars to yet greater diftances by the following 
arguments : from the annual motion of the earth there would 
happen an apparent tranfpofition of the fixed liars, one in 
refpe<5l of another, almoft equal to their double parallax ; but 
the greater and nearer liars, in refpedl of the more remote, 
which are only feen by the telefcope, have not hitherto been 
obferved to have the leaft motion. If we Ihould fuppofe that 
motion to be but Jefs than 20", the dillance of the nearer 
fixed liars would exceed the mean dillance of Saturn by above 
2000 timei,^ Again ; ibe dilk of Satarn, which is only 17" or 

. ' 1 

18" in dioisleter, receives but about - — - — of the fun^s 

light ; for fo much lefs J* that dilk than the whole fpherical 

Vot. HI. E 
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furface of the orb of Saturn. Now if we fuppofe Saturn to 

refledl about J of this light, the whole light refledled from its 

illuminated hemifpherc will be about ? of the whole 

^ 4200000000 

light emitted from the fun*s hemifphere ; and, therefore, hnce 

light is rarefied in the duplicate ratio of the diftance from the 

luminous body, if the fun was lOOOOv/42 times more diftant 
than Saturn, it would yet appear as lucid as Saturn now does 
without its ring, that is, fbmething more lucid than a fixe^ 
flar of the firlt magnitude. Let us, therefore, fuppofe ^hat 
the diftance from which the fun would fliine as a fixed ftar ex- 
ceeds that of Saturn by about 100,000 times, arid its appa- 
rent diameter will be l6''b and its parallax arifing from the 
annual motion of the eartli 13"": and fo great will be the 
diftance, the apparent diameter, and the parallax of the fixed 
ftars of the firft magnitude, in bulk and light equal to our fun. 
Some may, perhaps, imagine that a great part of the light of 
the fixed ftars is intercepted and loft in its paftage through fo 
vaft fpaces, and upon that account pretend to place the fixed 
ftars at nearer diftances; but at this rate the remoter ftars 
could be fcarcely feen. Suppofe, for example, that J of the 
light perifli in its paftage from the neareft fixed ftaj*s to us ; 
then 4- will twice perifti in its paftage through a double fpace, 
thrice through a triple, and fo forth. And, therefore, the 
fixed ftars that are at a double diftance will be times more 
obfeure, viz. 4 times more obfeure on account of the dimi- 
nilhed apparent diameter; and, again, 4 times more on ac- 
count of the loft light. And, by the fame argument, the 
fixed ftars at a triple diftance will be 9 x 4 X 4, or 144 times 
more obfeure ; and thofe at a quadruple diftance will be 
16 X 4 X 4 X 4, or 1024 times more obfeure; but fo great 
adiminution of light is no ways confiftent with thephseno- 
menu and with that hypothefis which places the fixed ftars at 
different diftances. 

the fixed ftars being, therefore, atfuch vaft dift|inces from 
one another (p. 254, 255), can neither attradf each Other fen- 
fibly, nor be attracted by our fun. But the comets muft un- 
avoidably be a&donby the circum-folar force; for as the 
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comets were placed by allronomers above the moon, becaufe 
they were found to have no diurnal parallax, fo their annual 
parallax is a convincing proof of their defcending into tlie re- 
gions of the planets. For all the comets vvliich move in a di- 
rect: courfe, according to the order of the ligns, about the end 
of their appearance become more than ordinarily flow, or re- 
trograde, if ihc earth is between them and the fun ; and more 
than ordinarily fwift if the earth is ap[)roaching to a helio- 
centric oppofition with them. Whereas, on the other hand, 
thofe which move againll the order of the figns, towards the 
end of their .appearance, appear fwifter than tliey ought to be 
if the earth is between them and the fun ; and flower, and 
perhaps retrograde, if the earth is in the other fide of its orbit, 
This is occafioned by the motion of the earth in different 
fitualions. If the earth go the fame way with the comet, 
with a fwifter motion, the comet becomes retrograde ; if with 
a flower motion, the comet becomes flower however; and if 
the earth move the contrary way, it becomes fwifter ; and by 
colleding the differences between the flow^er and fwifter mo- 
tions, and the fums of the more fwift and retrograde motions, 
and comparing them with the fituation and motion of the 
earth from whence they arife, I found, by means of this pa- 
rallax, that the diflancesof the comets at the time they ceafe 
to be vilible to the naked eye are always lefs than the diftance 
of Saturn, and generally even lefs than the diftance of Ju- 
piter. 

The fame thing may be collected from the curvature of the 
way of the comets (p. 256). Thefe bodies go on nearly in 
great circles while their motion continues fwift; but about 
the end of their courfe, when that part of their apparent mo- 
tion which arifes from the parallax bears a greater propor- 
tion to their whole apparent motion, they commonly deviate 
from thofe circles ; and when the earth goes to one fide, they 
deviate to the other ; and this deflection, becaufe of its cor- 
refpondin^fcrith the motion of the earth, muft arife chiefly 
from the parallax ; and the quantity thereof is fo confiderable, 
as, by my computation, to place the difappearing oomeU a 
good deal lower than Jupiter. Whence it follows, that, when 
E2 . . 
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they approach nearer to us in their perigees and perihellons, 
they often defcend below the orbits of Mars and the interior 
planets, 

Moreover, this nearnefs of the comets is confirmed by the 
annual parallax of the orbit, in fo far as the fame is pretty 
nearly colleded by the fuppofition that the comets move uni- 
formly in right lines. The method of colledling the ditlance 
of a comet according to this hypothefis from four obfervations 
(firfl attempted by Kepler, and perfeded by Dr. Wallis and 
Sir Chrifiopher Wren ) is well known ; and the comets re- 
duced to this regularity generally pafs through the middle 
of the planetary region. So the comets of the years l607 and 
1618, as their motions are defined by Kepler, palled between 
the fun and the earth ; that of the year 1664 below the orbit 
of Mars; and that in 1680 below the orbit of Mercury, as its 
motion was defined by Sir Chrifiopher Wren and others. By 
a like redilinear hypothefis, Hevelius placed all the comets 
about which we have any obfervations below the orbit of Ju- 
piter. It is a falfe notion, therefore, and contraiy to aftro- 
nomical calculation, which fome have entertained, who, from 
the regular motion of the comets, either remove them into 
the regions of the fixed liars, or deny the motion of'the earth ; 
whereas their motions cannot be reduced to perfed regularity, 
unlefs we fuppofe them to pafs through the regions near the 
earth in motion ; and thefe are the arguments drawn from 
the parallax, fo far as it can be determined without an exad 
knowledge of the orbits and motions of the comets. 

The near approach of the comets is farther confirmed from 
the light of their heads (p. 257 to 260) ; for the light of a ce- 
^ leftial body, illuminated by the fun, and receding to remote 
parts, is diminiflied in the quadruplicate proportion of the 
difiance ; to wit, in one duplicate proportion on account of 
theincreafe of the difiance from the fun ; and in another du- 
plicate proportion on account of the decreafe of the apparent 
diameter. Hence it may be inferred, that Satuil being at a 
double difiance, and having its apparent diameter nearly halt 
of that of Jupiter, mull appear about l6 times more obfcure; 
and that, if its diftance were 4 times greater, its light would 
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be 256 times lefs ; and therefore would be hardly perceivable 
to the naked eye. But now the comets often equal Saturn's 
light, without exceeding him in their apparent diameters. So 
the comet of the year 1 668, according to Dr. Hooke's obfer- 
vations, equalled in brightnefs the light of a fixed ftar of the 
firft magnitude ; and its head, or the ftar in the middle of the 
coma, appeared, through a telefcope of 15 feet, as lucid as Sa- 
turn near the horizon ; but the diameter of the head was only 
25" ; that is, almoft the fame with the diameter of a circle 
equal to Saturn and his ring. The coma or hair furrounding 
the head was about ten limes as broad ; namely, 4| min. 
Again; the leaft diameter of the hair of the comet of the year 
1682, obferved by Mr. Flamjled with a tube of l6 feet, and 
meafured with the micrometer, was 2' O" ; but the nucleus, 
or ftar in the middle, fcarcely poffefled the tenth part of this 
breadth, and was therefore only 1 i" or 12" broad ; but the 
ligiit and clearnefs of its head exceeded that of the year 1680, 
and was equal to that of the ftars of the firft or fecond mag- 
nitude. Moreover, the cornet of the year 1665, in April, as 
Hevelius informs us, exceeded almoft all the fixed ftars in 
fplendor, and even Saturn itfelf, as being of a much more 
vivid colour; for this comet was more lucid than that which 
appeared at the end of the foregoing year, and was compared 
to the ftars of the firft magnitude. The diameter of the coma 
was about 6'; but the nucleus, compared with the planets by 
means of a telefcope, was plainly lefs than Jupiter, and was 
fometimes thought lefs, fometinics equal to the body of Sa- 
turn within the ring. To this breadth add that of the ring, 
and the whole face of Saturn will be twice as great as that of 
the comet, with a light not at all more intenfe; and there- 
fore the comet was nearer to the fun than Saturn. From the 
proportion of the nucleus to the whole head found by thefe 
obfervations, and from its breadth, which feldom exceeds 8' 
or 12', it appears that the ftars of the comets are moft com- 
monly of the fame apparent magnitude as the planets ; but 
that their light may be compared oftentimes with that of Sa- 
turn, and fometimes exceeds it. And hence it is certain that 
in their perihelia their diftances can fcarcely be greater than 
£ 3 
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that of Saturn. At twice that dillance, the light would be 
four times lefs, which befides by its dim palenefs would be as 
much inferior to the light of Saturn as the light oF Saturn is. 
to the fplendor of Jupiter: but this difference would be eafily 
obferved. At a diftance ten limes greater^their bodies muff 
be greater than that of the fun ; but their light would be 100 
times fainter than that of Saturn. And at diftances ftill 
greater, their bodies would far exceed the fun ; but, being in 
fuch dark region.s, they mull: be no longer vifible. So impof- 
fible is it to place the comets in the middle regions between 
the fun and fixed liars, accounting the fun as one pF the fixed 
ffars ; for certainly they would receive no more light there 
from the fun than we do from the grealell of the fixed 
ffars. 

So far we have gone without confidering that obfeuration 
which comets fuffer from that plenty of thick finoke which en- 
compaffeth their heads, and through which the heads alwt'^s 
lliew dull as through a cloud ; tor by hoyv much the more a 
body is obfeured by this fmokc, by fo much the more near it 
muff be allowed to come to the fun, that it may vie with the 
planets in the i|uantity of light which it refiects ; whence 
it is probable that the comets defeend far below the "orbit of 
Saturn, as we pro\cd before from their parallax. But, above 
all, the thing is evinced from llicir tails, which mull be owing 
either to the fun’s light lelieded from a fmoke arifing from 
them, and dilpeihng itfelt througii tlie mther, or to the light 
of their owni heads. 

In the former cafe w^e muff Ihorten the diftance of the co- 
mets, left we be obliged to allow that the Fmokc arifing from 
their beads is propagated tlirough fuch a vail extent of fpace, 
and with fuch a velocity of cxp.infioi), as will feem altogether 
incredible ; in the latter cafe the whole light of both head and 
tail mull be aferibed to the central nucleus. But, then, if 
we fuppofe all this liglit to be united and condenfed within 
the dilk of the nucleus, certainly the nucleus will by far ex- 
ceed Jupiter itlelF in fplendor, efpecially when it emits a very 
large and lucid tail. If. therefore, under a lefs apparent dia- 
meter, it reflecSls more light, it mull be much more illuminated 
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by the fun, and theretbre much nearer to it. So the comet 
that appeared Dec. 12 and J5, 0.S. Anno 1679^ at the time 
it emitted a very Ihining tail, whofe fplendor was equal to 
that of many ftars like Jupiter, if their light were dilated and 
fpread through fo great a Ipace, was, as to the magnitude of its 
nucleus, lefs than Jupiter (as Mr. Flamjied obferved), and 
therefore was much nearer to the fun : nay, it was even lefs 
than Mercury. For on the 17th of that month, when it was 
nearer to the earth, it appeared to Caffini through a telefcope 
of 35 feet a little lefs than the globe of Saturn. On the 8th 
of this month, in the morning, Dr. Halley faw the tail, ap- 
pearing broad and very fliort, and as if it rofe from the body 
of the fun itfelf, at that time very near its riling. Its form 
was like that of an extraordinary bright cloud ; nor did it 
difappear till the fun itfelf began to be fecn above the hori- 
zon. Its fplendor, therefore, exceeded the light of the 
cl<mds till tillll fun rofe, and far furpafled that of all the ftars 
together, as yielding only to the immediate brightnefs of the 
fun itfelf. Neither ^Icrcury, nor Venus, nor the moon it- 
I’elf, are fecn fo near the rihng fun. Imagine all this dilated 
light colledled together, and to be crowded into the orbit 
of the carnet’s nucleus which was lefs than Mercury ; by its 
fjdendor, thus incrcafed, becoming lb much more confpicuous, 
it wifi valtly exceed Mercury, and therefore mull be nearer 
to the fun. On the 12th and 1.5th of the fame month, this 
tail, extending itfelf over a much greater fpace, appeared 
more rare ; but its light was Hill fo vigorous as. to become vi- 
fiblc when the lixcd ftars were hardly to be feen, and loon 
after to appear like a liery beam fhining in a wonderful 
manner. From its length, which was 40 or 50 degrees, and 
its breadth of 2 degrees, wc may compute what the light of 
the whole mull be. 

This near approat^h of the comets to the fun is confirmed 
from the fituation they are fecn in when their tails ap 
pear moft refplendent; for when the head pafles by the 
fun, and lies hid under the folar rays, very bright and ftiin- 
ing tails, like fiery beams, are laid to iftue from the horizon ; 
but afterwards, when the head begins to appear, and is got far- 
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ther from the fun, that fplendor always decreafes, and turns 
hy degrees into a palenefs like to that of the milky way, but 
much more fenfible at firft; after that vanilliing graduaHy. 
Such was that moft refplendcnt comet defcribed by Ariftotle, 
lib. 1. Meteor, 6, The head thereof could not be feen, 
becaufe it fet before the fun, or at leafl was hid under the 
fun’s rays; but the next day it was feen as well as might be ; 
for, having left the fun but a very little way, it let immedi- 
ately after it ; and the fcattered light of the head obfeured 
by the loo great fplendour (of the tail) did not yet appear. But 
afterwards (fays Arifiotk), when the fplendour of, the tail was 
now diminilhed, (the head of) the comet recovered its native 
brightnel’s. And the fplendour of its tail reached now to a 
third part of the heavens (that is, to 60°). It appeared in 
the winter feafon, and, riling lo On’o/fs girdle, there vanilh- 
ed away.’^ Two comets of the fame kind are defcribed by 
Ju/tin, lib. S7, which, according to his accounjl^ Ihined fo 
bright, that the whole heaven feemed to be on fire; and by 
their greatnefs filled up a fourth part of the heavens, and by 
their fplendour exceeded that of the fun.” By which lalt 
words a near pofition of tliefe bright comets and the rifing 
or letting fun is intimated (p. 2<k(i, 297). We m^y add to 
thefe tfie comet of the year 1101 or llOfi, the liar of 
which was fniall and obfeure ^like that of l680); but the 
fplendour arifing from it extremely bright, reaching like a 
fiery beam to the call and north,” as Hevelius has it from 
Simeon, the monk of Durham, It appeared at the begin- 
ning of February about the evening in the foiith-wcft. From 
this and from the fituation of the tail we may infer that the 
head was near the fun. Matthew Paris fays, it was about 
one cubit from the fun; from the third [or rather the 
fixtb] to the ninth hour fending out a Jong ftream 
of light.” The comet of 1264, in July, or about the 
folftice, preceded the riling fun, fending out its beams with 
a great light towards the weft as far as the middle of the 
heavens ; and at the beginning it afeended a little above the 
horizon: but as the fun went forwards it retired every day 
farther from the horizon, till it palTed by the very middle of 
the heavens. It is fuid to have been at the beginning large 
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and blight, having a large coma, which deeayed from day to 
day. It is defcribed in Append. Matth. Parif. HijL Ang, 
after this manner : “ Afi. Chrijii there appeared a 

comet fo wonderful, that none then living had ever feen the 
like ; for, riling from the eaft with a great bnghtnefs, it ex- 
tended itfelf with a great light as far as the middle of the 
hemifphere towards the weft.” The Latin original being 
fomewhat barbarous and obfeure, it is here fubjoined. Ab 
orknte enim cum magno fulgore fiirgem, upjne ad medium 
hemifpkcerii verfus occidmtemy omnia perlucide pertrahebat. 

^ In the year 1401 or 1402, the* fun being got below the 
horizon, there appeared in the weft a bright and ftiining 
comet, fending out a tail upwards, in fplendor like a flame of 
fire, and in form like a fpear, darting its rays from weft to 
eaft. When the fun was funk below the horizon, by the 
luftre of its own rays it enlightened all the borders of the 
earth, not permi^ng the other ftars to fhew their light, or 
the (hades of nigffto darken the air, becaufe its light exceed- 
ed that of the others, and extended itfelf to the upper part 
of the heavens, flainiug,” 8ic. Iliji. Byzant. Due. Mich. Nepot. 
From the lituation of the tail of this comet, and the time of 
its firlT appearance, we may infer that the head was then, 
near the fun, and went farther from him every day ; for that 
comet continued three months. In the year 1527, Aug. 11, 
about four in the morning, there was feen alinott throughout 
Europe a terrible comet in Leo, which continued flaming an 
hour and a tjuarter every day. It rofe from the eaft, and 
afeended to the fouth and weft to a prodigious length. It was 
moll confpicuous to the north, and its cloud (that is, its tail) 
was very terrible ; having, according to the fancies of the 
vulgar, the form of an arm a little bent holding a fvvord of a 
vaft magnitude. In the year 1618, in the end oH November, 
there began a rumour, that there appeared about fun-rifing 
a bright beam, which was the tail of a comet whole head 
was yet concealed within the brightnefs of the folar rays. 
On Nov. 24, and from that time, the comet itfelf appeared 
with a bright light, its head and tail being extremely refplen- 
dent. The length of the tail, which was at lirft 20 or 30 deg. 
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increafed till ' December 9/vJien it arofe to 75 deg. but vvilli 
a light inuch more faint and dilute than at the beginning. 
In the year March 5, N. S. about Icven in the evening, 
P. Valent, Ejianeius, being in l]rafil,{\xvf a comet near the 
horizon in the louth-wefl. Its head was (’mall, and fcarcely 
difcernible, but its tail extremely bright and refulgent, fo 
that the reflection of it from the lea was eafily I'een by thole 
who flood upon the fhorc. This great I’plendor lalled but 
three days, decreafuig very remarkably from that time. The 
tail at the beginning extended itfelf from weft to fouth, and 
in a fituation almofl jiarallel to the horizon, . appearing 
like a fhining beam 123 deg. in length. Afterwards, the light 
decreafing, its magnitude increafed till the comet ccafed to 
be vifihle; fo that CaJIhii, at Bologna, law it {Mar. 10. 1 1, 
12) riling from the horizon 32 deg. in length. In Portugal 
it is laid to have taken up a fourth part of the heavens (that 
is, 45 deg.), extending itfelf from weft to^fl with a notable 
brighlnefs; though the whole of it was nlPfeen, becaufe the 
head in this part of tlic woild always lay 'hid below the hori- 
zon. From the incrcafe of the tail it is plain that the head 
receded from the fun, and was noarefl to it at the beginning, 
when the tail a])peaicd brighteft. 

To all thele we may add the comet of 1(380, whofe wonder- 
ful fplendor at the conjunefion of tlie head with the fun 
was above deferibed. But fo great a Iplendor argues the 
comets of this kind to have really palfed near the fountain of 
light, efpecially lince the tails never Ihinc fo much in their 
oppofltion to the fun ; nor do we read that fiery beams have 
ever appeared there. 

Laflly, the fame thing is inferred (p. 259 to 261) from the 
light ol the heads iiiercaflng in the reeefs of the comets from 
the earth towards the fun, and decreafing in their return from 
the fun towards the earth ; for fo ihelafl comet of the year 1665 
(by the oblervation of Jlcvelius), from the time that it was 
firft feen, was always lolingof its apparent motion, and there* 
fore had already palled its perigee; yet the fplendor of its head 
was daily increaling, tilh being hid by the fun’s rays, the 
comet ccafed to ap}>ear. The comet of the year 1683 (by 
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tbe obfervation of the fame Hevelius), about the end of July, 
when it firll appeared, moved at a very flow rate, advancing 
only about 40 or 43 minutes in its orbit in a day’s time. But 
from that time its diurnal motion was continually upon the 
increafe till September 4, when it arofe to about 5 degrees ; 
and therefore in all this interval of time the comet was 
approaching to the earth. Which is likevvife proved from 
the diameter of its head meafured with a micrometer; for, 
Auguft the 6th, Hevelius found it only 6' 5", including the 
coma ; which, September % he obferved 7". And therefore 
its head appeared far lefs about the beginning than towards 
the end of its motion, though about the beginning, becaufe 
nearer to the fun, it appeared far more lucid than towards 
the end, as the fame Hevelius declares. Wherefore in all 
this interval of time, on account of its recefs from the fun, 
it ,^creafed in fpleiidor, notwilhftanding its accefs towards 
the earth. The comet of tiie year l6 18, about the middle 
of December, and‘%at of the year 1680, about the end of 
the fame inontlt, did both move with their greateft velocity, 
and were therefore then in tl»eir perigees; but the greateft 
fplendor of their heads was feen two weejes before, when 
they had juft got clear of the fun’s rays ; and the greateft 
fplendor of their tails a little more early, when yet nearer to 
the fun. The head of the former comet, according to the 
obfervations oi' Ci/fatus, Dec, 1, appeared greater than the 
ftars of tbe firft magnitude; and, Dec. l6 (being then in its 
perigee), of a finall magnitude, and the fplendor or clearnefs 
was much diminifhed. Jan. 7> Kepler, being uncertain about 
the head, left off obferving. Dec. 12, the head of the laft 
comet was feen and obferved by Flamfied at the diftance of 
9 degrees from the fun, which a ftar of the third magnitude 
could hardly have been. December 13 and 17, the fame 
appeared like a ftar of the third magnitude, its fplendor 
being diminilhed by the bright clouds near the fetting fun. 
Dec, 26, when it moved with the greateft fwiftnefs, and was 
almoft in its perigee, it was inferior to Os Pegafi, a ftar of 
the third magnitude. Jan. 3, it appeared like a ftar of the 
fourth; Jan. 9, like a ftar of the fifth. Jan. 13, it difappearr 
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ed, by reafon of the brightnefs of the moon, which was then 
in its increafe. Jan. 2,5, it was fcarcely equal to the ftars of 
the feventh magnitude. If we take equal times on each hand 
of the perigee, the heads placed at remote dillances would 
have fhined equally before and after, bccaiife of their equal 
diflances from the earth. That in one cafe they fliined very 
bright, and in the other vanilhed, is to be aferibed to the 
nearnefs of the fun in the firft cafe, and his diftance in the 
other; and from the great difference of the light in thefe two 
cafes we infer its great nearnefs in the firft of them ; for the 
light of the comets ufes to be regular, and to appear greateft 
wher\ their heads move the fwifteft, and are therefore in their 
perigees; excepting in fo far as it is increafed by their near- 
nefs to the fun. 

From thefe things I at laft difeovered why the comets fre- 
quent fo much the region of the fun. Jf they were to be ffeen 
in the regions a great way beyond Saturn, they muft appear 
oftener in thole parts of the heavens that are oppolite to the 
fun; for thofc wliich are in that fituation would be nearer to 
the earth, and the interpolition of the fun would obfeure the 
others: but, looking over the hiftory of comets, I find that 
four or five times more have been feen in the hemifphere to- 
ward the fun than in the oppofite hemiipherc; befides, with- 
out doubt, not a few which have been hid by the light of the 
fun ; for .comets defeending into our parts neither emit tails, 
nor are fo well illuminated by the fun, as to difeover them- 
felves to our naked eyes, till they are come nearer to us than 
Jupiter. But the far greater part of that fpherical fpace, 
which is deferibed about the fun with fo finall an interval, lies 
on that fide of the earth which regards the fun, and the co- 
mets in that greater part are more ftrongly illuminated, as 
being for the moll part nearer to the fun : befides, from the 
remarkable eccentricity of their orbits, it comes to pafs that 
their lower apfides are much nearer to the fun than if 
their revolutions were performed in circles concentric to the 
fun. 

Hence alfo we underftand why the tails of the comets, while 
their heads are defeending towards the fun, always appear 
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fhort and rare, and are feldom faid to have exceeded 15 or 
aO deg. in length ; but in the receis ot‘ the heads from the 
fun often (bine like fiery beams, and foon after reach to 40, 
50, 60, 70 deg. in length, or more. Tills great fplendor and 
length of the tails arifes from the heat which the fun com- 
municates to llie comet as it pafles near it. And tlience, I 
think, it may be concluded, that all the comets that have 
had fuch tails have pafTed very near the fun. 

Hence alfo we may colled that the tails arife from the at- 
mofpheres of the heads (p. 287 to 288): but we have had 
three feveral opinions about the tails of comets ; for fome will 
have it that they are nothing elfe but the beams of the fun’s 
light tranfmitted through the comets’ heads, which they fup- 
pofe to be tranfparent ; others, that they proceed from the 
refradion which light fuffers in palling from the comet’s bead 
earth ; and, laflly, others, that they are a fort of clouds 
or vapour conftantly vifiqg from the comets’ heads, and tend- 
ing towards the parts oppolite to the fun. The firll is the opi- 
nion of fuch as are yet unacquainted with optics ; for the 
beams of the fun are not feen in a darkened room, but in con- 
fequence of the light that is refleded from tliern by the little 
particles of duft and fnioke which are always flying about in 
the air j and hence it is that in air impregnated with thick 
(moke they appear with greater briglitnefs, and are more 
faintly and more difficultly feen in a finer air ; but in the hea- 
vens, where there is no matter to refled the light, they are 
not to be feen at all. Light is not feen as it is in the beams, 
but as it is thence refleded to our eyes ; for vifion is not made 
but by rays falling upon the eyes, and thercfoie there mufl 
be fome refleding matter in ihofe parts where the tails of co- 
mets are feen ; and fo the argument turns upon the third opi- 
nion ; for that refleding matter can be no where found but 
in the place of the tail, becaufe otherwife, fince all the ce- 
leftial fpaces are equally illuminated by the fun’s light, no 
part of the heavens could appear with more fplendor than ano- 
ther. The fecond opinion is liable to many difficulties. The 
tails of comets are never feen variegated with thofe colours 
which ever ufe to be . infeparable from rcfi adion ; and the 
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diflinc^ tranfmiflion of the light of the fixed ftars and planets 
to us is a demonftration that the aether or celeflial medium is 
not endowed with any refradive power. Por as to what i&al- 
ledged that the fixed ftars have been fometimes feen by the 
Egyptians environed with a coma or capillitium, becaufe that 
has but rarely happened, it is rather to be aferibed to a ca- 
fual refra6iion of clouds, as well as the radiation and fcintil- 
lation of the fixed ftars to the refr|i6i:ions both of the eyes and 
air ; for upon applying a telefcope to the eye, thofe radia- 
tions and fcintillations immediately difappear. By the tre- 
mulous agitation of the air and afeending vapours, it happens 
that the rays of light are alternately turned afide from the 
narrow fpace of the pupil of the eye ; but no fiich thing can 
have place in the much wider aperture of the objed-glafs of 
a telefcope ; and hence it is that a fcintillation is occafioned 
in the former cafe which ceafes in the latter ; and this c|||^ 
tion in the latter cafe is a demonftration of the regular tram- 
miflion of light through the heavens without any fenftble 
refradion. But, to obviate an objedfion that may be 
made from the appearing of no tail in fuch comets as fliine 
but with a faint light, as if the fecondary rays were then too 
weak to affcdl the eyes, and for this reafon it is that the tails 
of the fixed ftars do not appear, we are to conftder that by 
the means of telefcopes the light of the fixed ftars may be 
augmented above an hundred fold and yet no tails are feen ; 
that the light of the planets is yet more copious without any 
tail, but that comets are feen fometimes with huge tails, when 
the light of their heads is but faint and dull ; for fo it hap- 
pened in the comet of the year l680, when in the month of 
December it was fcarcely equal in light to the ftars of the fe- 
cond magnitude, and yet emitted a notable tail, extending 
to the length of 40°, 50°, 60°, or 70°, and upwards ; and af- 
terwards, on the 27th and 28th of January y the head ap- 
peared but as a ftar of the feventh magnitude ; but the tail (as 
was laid above), with a light that was fenftble enough, though 
faint, was ftretched out to 6 or 7 degrees in length, and with 
a languilhing light that was more difficultly feen, even to 12° 
and upwards. But on the Qth and lOth of February, when 
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to the naked eye the head appeared no more, I faw through 
a ielefcbpe the tail of 2’ in length. But farther ; if the tail 
was owing to the reflation of tlic ccleftial matter, and did 
deviate from the oppofilion of the fun, according as the fi- 
i^ure of the heavens rocpiires, that deviation, in the fame 
places of the heavens, fhoidd he always directed towards the 
fame parts: but the comet of the year lf)80, December 
8J’'. P. M. at l.ondon, was feenin Pifeesi 8° 4l', with latitude 
north C8° (f, while the fun was in Capricorn 18^" And 
the comet of the year 1j77, December C9, was in Pifees 8® 
41', with latitude north 40' ; and the fun, as before, in 
about Capricorn in'" G(>'. In both cafes the (Ituation of the 
earth was the fame, and the comet appealed in the fame 
place of the heavens ; yet in the former cafe the tail of the 
comet (as well by my obfervations as by the obl’ervalions of 
others) deviated fiom the oppolition of the \\n\ towards the 
nomi by an angle of 4^ degrees, whereas in the latter there 
was (according to the obfervation of Tycho) a deviation of 21 
degrees towards the fouth. The nefradion, iherefoie, of the 
heavens being thus difproved, it remains that the pha.*no- 
mena of the tails of comets iniift be d^’ived from fome relied- 
ing matjtyr. That vapours futticient to fill fuch imitienfe 
f[)aces may arife from the comets’ atmolpheres, maybe cufily 
underuood by what h)l|gws. 

It is well known that the air near the furfacc of our earth 
poflTeires a fpace about 1200 times grealer than waler of the 
fame weight; and therefore a cylindric column of air 1200 
feet high is of equal weight with a cylinder of water of the 
fame breadth, and but one foot high. But a cylinder of air 
reaching to tiie top of the atmofphere is of equal weight with 
a cylinder of water about 88 leet high ; and therefore if from 
the whole cylinder of air the lower part of 1200 leet high 
taken away, the remaining upper part will he of eipial weight 
with a cylinder of water 32 feet high. Wherefore at the 
height of 1200 feet, or two furlongs, the weight of the in« 
cumbent air is Icfs, and confequently the rarity of the com- 
' prefled air greater, than near the furlace of the earth in the 
ratio of 33 to 32. And, having this ratio, we may compute 
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the rarity of the air in all places whatfoever (by the help of 
cor. prop. 2, book 2), fuppofing the expaniion thereof to he 
reciprocally proportional to its compreflion ; and this propor- 
tion has been proved by the experiments of Hooke and others. 
The refultof the computation I have fetdown in the followings 
table, in the firfl column of which you have the height of the 
air in miles, whereof 4000 make a femi-diaiucter of the earth; 
in the fecond the coinprellioii of the air, or the incumbent 
weight; 'in the third its rarity or expanfion, fuppofing gra- 
vity to decreafe in the duplicate ratio of the diftances from 
the earth’s centre. And the Latm numeral charaders 
are here ufed for certain numbers of ciphers, as 0,xvil 
1224 for 0,000000000000000001224, and 26956 xv for 
26956000000000000000. 


AIR’S 


/fH eight. 1 ComprefTion. 

Expanfion. ^ 

0 

33 

1 

5 

17,8515 

1,8486 

10 

9.9717 

3,4151 

20 

2,852 

11,571 

40 

0,2525 

136,83 

400 

0,xvii 1224 

26956 XV 

4000 

0,cv 4465 

75907 cii 

40000 

0,cxcii l6'28 

20263 clxxxix 

400000 

OjCcx 78p5 

41798 ccvii 

4000000 

Ojccxii 9878 

33M4 ccix 
54^2 ccix 

Infinite. 

OjCcxii 6041 


But from this table it appears that the air, in proceeding 
upwards, is rarefied in fuch manner, that a fphere of that air 
which is neareft to the earth, of but one inch in diameter, if 
dilated with that rarefadion which it would have at the height 
of one feini-diameter of the earth, would fill all the planetary 
regions as far as the fphere of Saturn, and a great way be- 
yond ; and at the height of ten femi-diameters of the earth 
would fill up more fpace than is contained in the whole hea- 
vens on this fide the fitted ftars, according to the preceding 
computation of their diftance. And though, by reafon of the 
far greater thicknefs of the atmofpheres of comets, and the 
great quantity of the circmn-folar centripetal force, it may 
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Iiappen that the air in the celeftial fpaces, and in tlie tails of 
comets^ is not fo vaftly rarefied, yet from this computation it 
is plain that a very fmall quantity of air and vapour is abun- 
dantly lufficient to produce all the appearances of the tails 
of comets; for that they are indeed of a very notable rarity 
appears fiom the fiiining of the ftars through them. The at- 
moiphcrc of the earth, illuminated by the fun’s light, though 
but of a few miles in thicknefs, obfcures and extinguifiies the 
light not only of all the ftars, but even of the moon itfelf ; 
whereas the fmallell liars are feen to lliine through the im- 
inenfe thicknefs of the tails of comets, likevvife illuminated 
by the fun, without the leaft diminution of their fplendor, 
Kepler afcribes the afcent of the tails of comets to the at- 
mofpheres of their heads, and their dire6lion towards the 
parts oppofite to the I’un to the action of the rays of light car- 
rying along with them the matter of the comets’ tails; and 
without any great incongruity we may luppofe that, in lb 
free fpaces, fo fine a matter as that of the athcr may yield to 
the adion of the rays of the fun’s light, though thole rays are 
not able fenfibly to move the grofs fubllances in our parts, 
which are clogged with fo palpable a refiftance Another 
author tlynks that there may be a fort of particles of matter 
endowed wdlh a principle of levity as well as others are with a 
Tower of gravity ; that the matter of the tails of comets may 
be of the former fort, and that its afcent from the fun may 
be owing to its levity; but, confidering the gravity of ter- 
rellrial bodies is as the matter of the bodies, and there- 
fore can be neither more nor lefs in the fame quantity 
of matter, 1 am inclined to believe that this afcent may 
rather proceed from the rarefadion of the matter of the co- 
naets’ tails. The afcent of fmoke in a chimney is owing to 
the impulfe of the air with which it is entangled. The air rare- 
fied by heat afeends, becaufe its fpecific gravity is diminiflied, 
and in its afcent carries along with it the fmoke with which it 
is engaged. And why may not the tail of a comet rife from 
the fun after the fame manner ? for the fun’s rays do not adl 
any way upon the mediums which they pervade but by re- 
flexion and refraXion ; and thofe refleXing particles heated 
VoL. IIL F 
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by this adion, heat the matter of the aether which is involved 
with them. That matter is rarefied by the heat which it ac- 
quires, and bccaufe by this rarefadion the fpecific gravity, 
with which it tended towards the fun before, is diminiftied, it 
will afcend therefrom like a dream, and carry along with it 
the refledling particles of which the tail of the cometis com- 
pofed ; the impulfe of the fuii^s light, as we have faid, pro-- 
moting the afccnt. 

But that the tails of comets do arifc from their heads (p. 
288), and tend towards the parts oppofite to the fun, is far- 
ther confirmed from the laws which the tails obfervc ; for, ly- 
ing in the planes of the comets’ orbits which pafs through the 
fun, they conftantly deviate from the oppofilion of the fun 
towards the parts which the comets’ heads in their progrefs 
along thofe orbits have left ; and to a f[)edlator placed in 
ihofe planes they appear in the parts dire^fly oppofite to the 
fun ; but as tlie fpedator recedes from thole planes, their de- 
viation begins to appear, and daily becomes greater. And 
the deviation, cccteris paribus, appears lets when the tail is 
more oblique to the orbit of the comet, as well as when the 
head of the comet approaches nearer to the fun ; elpecially 
if the angle of deviation is eftimatcd near the head o/ the co- 
met, Farther; the tails which have no deviation appear 
draight, but the tails which deviate arc likewife bended into 
a certain curvature ; and this curvature is greater when the 
deviation is greater, and is more fenfible when the tail, c«- 
Uris paribus, is longer ; for in the (horter tails the curvature 
is hardly to be perceived. And the angle of deviation is lefs 
near the comet’s head, but greater towards the other end of 
the tail, and that becaufe the lower fide of the tail regards 
the parts from which the deviation is made, and which lie in 
a right line drawn out infinitely from the fun through the 
comet’s head. And the tails that are longer and broader, and 
Ihine with a dronger light, appear more refplendent and 
more exadly defined on the convex than on the concave fide. 
Upon which accounts it is plain that the phaenomena of the 
I ails of comets depend upon the motions of their heads, and 
by no means upon the places of the heavens in which their 
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lieads are fecn ; and that, therefore, tlie tails of the comets 
do not proceed from the refradion of the heavens, but from 
their own heads, which furnifli the matter that forms the 
tail ; for as in our air the finoke of a heated body afeends 
eitlier perpendicularly if the body is at reft, or obliquely if the 
body is moved obliquely, fo in the heavens, where all the bo- 
dies gravitate towards the fun, finoke and vapour muft (as we 
have already faid) afceiid from the fun, and either rife per- 
pendicularly if the finoking body is at reft, or obliquely if the 
body, in the progrefs of its motion, is always leaving thofe 
places from which the upper or higher parts of the vapours 
Iiad rifen before. And that obliquity will be Icfs where the 
vapour afeends with more velocity, to wit, near the fmoking 
body, when that is near the fun ; for there the force of the 
fun by which the vapour afeends is ftronger. But becaufe 
the obliquity is varied, the column of vapour will be incur- 
vated ; and bccaule the vapour in the preceding fid6 is fome- 
thing more recent, that is, has afeended fomething more 
lately from the body, it will therefore bo fomething more 
denfe on that fide, and muft on that account refle6f more 
liglit, as well as be better defined ; the vapour on the other 
fide langilifhing by degrees, and vanifliing out of fight. 

.But it is none of our prefent bufinefs to explain the caufes 
of the appearances of nature. Let thofe things which we 
have laft faid be true or talfe, we have at leaft made out, in 
the preceding difeourfe, that the rays of light are diredtly 
propagated from the tails of comets in right lines through the 
heavens, in which thofe tails appear to the fpedators wherever 
placed ; and confequently the tails muft afeend from the 
heads of the comets towards the parts oppofite to the fun. 
And from this principle we may determine, anew the limits of 
their diftances in manner following. Let S reprefent the fun, 
r the earth, STA the elongation of a comet from the fun, 
ind ATB the apparent length of its tail ; and becaufe the light 
s propagated from the extremity of the tail in the direiftion of 
he right line TB, that extremity muft lie fomewhere in the 
ine TB. Suppofe it in D, and join DS cuttingTA in C. TheH/ 
the tail is always ftretched out towards the parta 
F 2 
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nearly oppofite to the fun, and therefore the fun, the head of 
the comet, and the extremity of the tail, lie in a right line, 
the cpmet’s head will be found in C. Parallel to TB draw SA, 



meeting the line TA in A, and the comet’s head C muft ne- 
celfarily be found between T and A, becaufe the extremity 
of the tail lies fomewhere in the infinite line TB ; and all the 
lines SD which can polfibly be drawn from the poinf S to the 
line TB muft cut the line TA fomewhere between T and A, 
Wherefore the diftance of the comet from the earth cannot 
exceed the interval TA, nor its diftance from the fun the in- 
terval SA beyond, or ST on this fide the fun. For inftahee; 
the elongation of the comet of 1680 from the fun, Dec. 12, 
was 9°, and the length of its tail 35° at leaft. If, therefore, 
a triangle TSA is made, whofe angle T is equal to the elon- 
gation 9^ and angle A equal to ATB, or to the length of the 
tail, viz. 35 °, then SA will be to ST, that is, the limit of the 
greateft poflible diftance of the comet from the fun to the 
femi-diameter of the orhis magnus, as the fine of the angle T 
to the fine of the angle A, that is, as about 3 to 11. And 
therefore the comet at that time was lefs diftant from the fun 
than by of the earth’s diftance from the fun, and confe- 
quently either was within the orb of Mercury, or between that 
orb and the earth. Again, Dcc; 21, the elongation of the 
comet from the fun was 32V®, and the length of its tail 70®. 
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WbereFore as the fine of to the fine of 70°, that is, as 
4 to 7, fo was the limit of the comet's diftance from the fun 
to the diftance of the earth from the fun, and confequently 
the comet had not then got without the orb of Venus. Dec, 
28, the elongation of the comet from the fun was 55°, and 
the length of its tail 56°; and therefore the limit of the 
comet’s diftance from the fun was not yet equal to the dif- 
tance of the earth from the fame, and confequently the comet 
had not then got without the earth’s orbit. But from its 
parallax we find that its egrefs from the orbit happened about 
Jan. 5, as well as that it had defeended far within the orbit 
of Mercury. Let us fuppofe it to have been in its perihelion 
Dec. the 8th, when it was in conjundioii with the fun ; and it 
will follow that in the journey from its perihelion to its exit 
out of the earth’s orbit it had fpent 28 days ; and confequent- 
ly that in the 26 or 27 days following, in which it cealed to be 
farther feen by the naked eye, it had fcarcely doubled its dif- 
tance from the fun ; and by limiting the diftances of other 
comets by the like arguments, we come at laft to this con- 
clufion, — that all comets, during the time in which they are 
vifible by us, are within the compafs of a fphcrical fpace de- 
feribed about the fun as a centre, with a radius double, or at 
nydl triple, of the diftance of the earth from the fun. 

.And hence it follows that the comets, during the whole 
time of their appearance unto us, being within the fphere of 
adlivity of the circum-folar force, and therefore agitated by ^ 
the impulfe of that force, will (by cor. 1, prop. 13, for the 
fame reafon as the planets) be made to move in conic fedtions 
that have one focus in the centre of the fun, and, by radii 
dravvn to the fun, to deferibe areas proportional to the times; 
for that force is propagated to an immenfe diftance, and will 
govern the motions of bodies far beyond the orbit of Saturn, 

There are three hypothefes about comets (p. 262) ; for 
fome will have it that they are generated and perifti as often 
as they appear and vanifli ; others,* that they come from the 
regions of the fixed ftars, and are feen by us in their paflage 
through the fyftem of our planets; and, laftly, others, that 
they are bodies perpetually revolving about the fun in very 
F 3 
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eccentric orbits. In the firft cafe, the comets, according to 
their different velocities, will move in conic fedions of all 
forts; in the fecond, they will deferibe hyperbolas, and in 
either of the two will frequent indid'ercntly all quarters of the 
heavens, as well as thofe about the poles as ihofe towards the 
ecliptic; in the third, their motions will be performed in 
ellipfes very eccentric, and very nearly approaching to para- 
bolas. But (if the law of the planets is obferved) their orbits 
will not much decline from the plane of the ecliptic ; and, fo 
far as I could hitherto obferve, the third cafe obtains; for the 
comets do, indeed, chiefly frequent the zodiac, and fcarcely 
ever attain to a heliocentric latitude of 40°. And that they 
move in orbits very nearly parabolical, I infer from their ve- 
locity ; for the velocity with wdiich a parabola is deferibed 
is every where to the velocity with which a comet or planet 
may be revolved about the fun in a circle at the fame dif- 
tance in the fuhduplicate ratio of <2 to 1 (by cor. 7^ prop. l6); 
and, by my computation, the velocity of comets is found to be 
much about the fame. I examined the thing by inferring 
nearly the velocities from the dhtanccs, and the diflances 
both from the parallaxes and the phacnornena of the tails, 
and never found the errors of excefs or doi‘e6l in the veloci- 
ties greater than what might have arofe Iroin the eirors in tinr- 
diilances collected after tliat manner. But J likewife made 
ul’e of the rcafoning that follows. 

Suppoiing the radius of the orhis magtnis to be divided into 
1000 parts : let the numbers in the hill column of the follow- 
ing table reprefeut the diltance of the vertex of the parabola 
from the fun’s centre, exprefled by thofe parts; and a comet 
In the times exprefled in col. 2, will pafs from its perihelion 
to the furtace of the fphere which is dcicribed about the fun 
as a centre with the radius of the orbis magnus ; and in the 
times exprelTed in col. 3, 4, and ry, it will double, triple, and 
quadruple, that its dillance fiom the fun. 
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TABLE I. 


The dif- 
tance ol 
a lomet'' 
perihelion 
from thi 
fun’s cen- 
tre. 

The time of a comet’s paffage from its perihe- 
lion to a diftmcc from the fun equal to 

The ratlii of 
the orbi\ 
magnus. 

To its 
double. 

To its 
triple. 

To its 
quadruple. 


"d. h. ' 

d. h. ' 

d. h. ' 

d. h. ' 

0 

27 11 12 

77 16 28 

142 17 14 

219 17 30 

5 

27 l6 07 

77 23 14 



10 

17 21 00 

78 06 24 



20 

28 06 40 

78 20 13 

144 03 19 

221 08 54 

1 

40 

29 01 32 

79 2’3 34 



80 

JO 13 25 

82 04 56 



16'0 

1 

53 0 5 29 

86 10 26 

153 l6 08 

232 12 20 

32(* 

37 13 40 

93 23 38 



6l-(. 

37 09 49 

105 01 28 



1280 


106 06 35 

200 06 43 

297 03 46 

2560 



147 22 31 

300 06 03 


fl'his table, here correded, is made on the fuppofition that the 
"earth’s diurnal motion is juft 59', and the meafure of one 
minute loofely 0,2909, in refpea of the radius 1000. If 
thofe meafures are taken true, the true numbers of the table 
will all come out lefs. But the difference, even when 
greateft, and to the quadruple of the earth’s diftance from 
the fun, amounts only to 55'.] 

The time of a comet’s ingrefs into the fphere of the orbis 
magnusj or of its egrefs from the fame, may be inferred nearly 
from its parallax, but with more expedition by the following 
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' TABLE If. 


The apparent 
elongation ol 
a comet from 
the fun. 

Its apparent diur- 
nal motion in its 
own orbit. 

ITts diftance troin 
the earth in parts, 
whereof the radius 
of the orbis mag- 
mis contains 1000. 

60 “ 

Direct . 
2° 18' 

Reirog. 
00“ 20' 

1000 

i)5 

2 33 

00 35 

845 

70 

2 .6.) 

00 57 

681 

72 

3 07 

01 0.9 

618 

74 

3 23 

01 25 

551 

76' 

3 43 

01 45 

484 

78 

4 10 

02 12 

416 

80 

4 57 

02 49 

347 

82 

5 45 

03 47 

278 

84 

7 18 1 

05 20 

209 

86 

10 27 

08 19 

140 

88 

18^ .371 

16 39 

70 

1 .00 

Infinite 1 

Infinite 

00 


The ingrcfs oFa comet into the Fphere of the orbis tnagnus, 
or its egrefs From the lame, happens at the time of its elonga- 
tion from the fun, cxprellcd in col. 1, againft its diurnal mo- 
tion. So in the comet of l(i8 !,./«//, 4, O.S. the apparent 
diurnal motion in its orbit was about 3® o', and the corre- 
fponding elongation 7 ; and the comet had acquired this 
elongation from the lun Juu. 4, about lix in the evening; 
Again, in the jear lObO, Isov. 11, the diurnal motion of the 
comet that then appeared was about 4^j ; and the corre- 
I’ponding elongation 79f Ijappcned ISov. 10, a little before 
midnight. Now at the times named thefc comets had arriv- 
ed at an equal diftance from the fun with the earth, and the 
earth was then ahnoft in its perihelion. But the lirfl table is 
fitted to the earth’s mean diftance from the lun aflumed of 
1000 })arts ; and this diftance is greater by fuch an excels of 
fpace as the earth might deferibe by its annual motion in one 
day’s time, or the comet by its motion in lO hours. To re- 
duce the comet to this mean diftance of 1000 parts, we add 
thofe l6 hours to the former time, and fubdudl them from the 
latter ; and thus the former becomes Ja7i, 4^. J0\ afternoon ; 
the latter Nov. 10 , about fix in the morning. But from the 
tenor and progrefs of the diurnal motions it appears that both 




THE SYSTEM OF THE WOEL^. 75 

comets were in conjundion with the .fun between Ded. 7 and 
Dec. 8; and from thence to Jan. 4‘‘. lO*'. afternoon on one 
fide, and to Nov. IQ'^. 6^. of the morning on the other, there 
are about 28 days. And fo many days (by Table 1) the 
motions in parabolic trajedories do require. 

But though we have hitherto confidered thofe comets 
two, yet, from the coincidence of their perihelions and agree- 
ment of tlieir velocities, it is probable that in effed they 
were but one and the fame; and if fo, tlic orbit of this 
comet muft have either been a parabola, or at leall a conic 
fedion very little dilfering from a parabola, and at its vertex 
almoll in contad with the furface of the fun. Tor (by Tab. 
2) the dillance of the comet from^lhc earth, Nov. 10, was about 
3()0 parts, and Jan. 4, about GdO. Brom whicli diltances, 
together with Its longitudes and latitudes, we infer the dif- 
tance of tlie places in which the comet was at thofe times to 
have beenabq|it 280: the half of which, viz. 140, is an or- 
dinate to th^'comet’s orbit, cutting od‘a portion of its axis 
nearly equal to the radius of the orbis rna^nus, that is, to 
1000 parts. And, therefore, dividing the fijuare of the or- 
dinate^ 140 by 1000, the fegment of the axis, we find the iatu$ 
redtum 19,10, or in a round number 20; the fourth part where- 
'■of, 6j is the dillance of the vertex of the orbit from the fun’s 
centre. But the time correfponding to the diftance of 5 parts 
iriTab. 1 is27^ lb^7^ In which tinie,ifthecometmovedin apa- 
rabolic orbit, it would have been carried from its perihelion to 
the I'urface of the fphere of the orbis magnus deferibed with the 
radius 1000, and would have fpent the double of that time, 
viz.^o**. Sp.inthewholecourfeofits motion within that fphere: 
and fo in fa6i it did; for from Nov. lO*^. (i*». of the morning, 
the time of the comet’s ingrefs into the fphere of the orbis 
magnus, to Jan. 4**. lO**. afternoon, the time of its egrefs 
from the fame, there are So**. 16*'. The fmall difference of 
71^''. in this rude way of computing is to be negledled, and 
perhaps may arife from the comet’s motion being Ibme fmall 
matter flower, as it muft have been if the true orbit in which 
it was carried was an ellipfis. The middle lime between its 
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ingrcfs and egrefs was December 8^ S**. of ihe morning; and 
therefore at this time the comet ought to have been in its 
perihelion. And accordingly that very day, juft before lun- 
rifing, Dr. Ilal/eij (as we faid) law the tail lliort and broad, 
Iwt very bright, riling perpendicularly from the horizon. 
From the pofition of the tail it is certain that the comet had 
then crofted over the ecliptic, and got into north latitude, and 
therefore had palled by its perihelion, which lay on the other 
fide of the ecliptic, though it had not yet come into conjunc- 
tion with the fun ; and the comet [fee more of this famous 
comet, p. 272 to 286, vol. 2] being at this time between its 
perihelion and its conjumftion with ihe fun, muft have been 
in its perihelion a few hours T)efore; for in fo near a diftance 
from the fun it muft have been carried with great velocity, 
and have apparently deferibed almoft half a degree every 
hour. 

By like computations I find that the comet <;£|618 entered 
the fphere of the orbis mognus December 7, towards fun-fet- 
ting; but its conjuuclion with the fun was ]Vou. 9^ or 10, 
about 28 days intervening, as in the preceding comet; for 
from the ftze of the tail of this, in which it was equal to the 
preceding, it is probable that this comet likewife did come 
almoft into a contact with the fun. Four comets were feen thair* 
year, of which this was the lall. The fecond, which made its 
firft appearance 06iober ill, in the neighbourhood of the riftng 
fun, and wasfoon alter hid under the fun’s rays, 1 fufpedt toliave 
been the fame with the fourth, which emerged out of the fun’s 
rays about Nov. 9. To thefc we may add the comet of 1607, 
which entered the Iphere of the orbis magiius Sep. 14, O.S. 
and arrived at its perihelion diftance from the fun about 
OBober 19, 35 days intervening. Its perihelion diftance 
fubtended an apparent angle at the earth of about 23 degrees, 
and was therefore of 390 parts. And to this number of parts 
about 34 days correfpond in Tab. 1. Farther; the comet of 
16 d 5 entered the fphere of the orbis magnus obooi March 17} 
and came to its periherion about Jpril l6, 30 days inter- 
vening. Its perihelion diftance fubtended an angle at the 
etirlh of about fcveii degrees, and therefore was of 122 parts: 
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and correfponding to this number of parts, in Tab. 1, we find 
30 days. Again ; the comet of l682 entered the fphere of 
the orhii magnus about Aug, 1 1 , and arrived at its perihelion 
about Se^. 16, being then diftant from the fun by about 350 
parts, to which, in Tab. 1, belong 33| days. Laftly; that 
memorable comet of Regiomontanus ^ which in 1472 was 
carried through the circum-polar parts of our northern 
heinif[)here with fuch rapidity as to deferibe 40 degrees in 
one day, entered the fphere of the orbis magnus Jan, 21, 
about the time that it was pafTing by the pole, and, hafteniog 
from thence towards the fun, was hid under the fun’s rays about 
the end of Feb. ; whence it is probable that 30 days, or a 
few more, were fpent between its ingrefs into the fphere of 
the orbis magnus and its perihelion. Nor did this comet 
truly move with more velocity than other comets, but owed 
the greatnefs of its apparent velocity to its palling by the 
earth at a near dillance.. 

It appears/ theny that the velocity of comets (p. 21)8), fo far 
as it can be determined by thefe rude ways of computing, is 
that very velocity with which parabolas, or ellipfes near to 
parabolas, ought to be deferibed ; and therefore the dillance 
between a comet and the fun being given, the velocity of th^ 
'“comet is nearly given. And hence arifes this problem. 
PROBLEM. 

The relation betzmxt the velocity of a comet and its difianct 
from the fun's centre being given, the comet's traje&ory is 
required. 

If ihiS problem was refolved, we Ihould thence have a 
method of determining the trajc<!Jlovies of comets to the 
greatell accuracy; for if that relation be twice alTumcd, 
and from thence the Iraje^lory be twice computed, and 
the error of each traje^lory be found from obfervations, 
the alTumption may be corredled by the Rule of Falfe, and 
a third trajedlory may thence be found that will exadlly agree 
with the obfervations. And by determining the trajedlories 
of comets after this method, we may come, at lall, to a more 
exa6l knowledge of the parts through which thofe bodies 
travel, of the velocities with which they are carried, what 
fort of trajedlories they deferibe, and what are* the true mag- 
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niludes and, forms of their tails according to the various dif- 
tances of their heads from the fun; whether, after certain 
intervals of time, the fame comets do return again, and in 
what periods they complete their fevcral revolutions. But 
the problem may be refolved by determining, firft, the hourly 
motion of a comet to a given lime from three or more obfer- 
vations, and then deriving the trajedory from this motion. 
And thus the invention of the trajectory, depending on one 
obfervation, and its hourly motion at the time of this obferva- 
tion,willeither confirm ordifprove itfelf; for the conclufionthat 
is drawn from the motion only of an hour or two and a falfe 
hypothefis will never agree with the motions of the comets 
from beginning to end. The method of the whole compu- 
tation is this. 

' LEMMA I. 

To cut two right lines OR, TP, gA’cn in pofition, hy a third 
fight line RP, fo as TRP may be a right angh ; and, if 
another right line SP is drawn to any given point S, the 
folid contained under this line SP, and the fquare of the 
right line OR terminated at a given point 0, maij be of a 
given magnitude. 

It is done by linear defeription thus. Let the given mag- 
nitude of the 1‘olid be M‘ x N; from any point r of the right 
line OR ereCt the perpendicular rp meeting TP in p. Thou 
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M* X N 

through the point Sp draw the line Sq eqiuil to — — • In 

like manner draw three or more right lines S2q, S3q, &o. ; 
and a regular line q2q3q drawn through all the points qSqSq, 
Sec. will cut the right line TP in the point P, from which the 
perpendicular PR is to be let fall. Q.E.F. 

By trigonometry thus. Affuming the right line TP as 
found by the preceding method, the perpendiculars TR, SB, 
in the triangles TPR, TPS, will be thence given ; and the 

X N 

fide SP in the triangle SBP, as well as the error — 

SP. Let this error, fuppofe D, be to a new error, fuppofe E, 
as the error ^2p2q ± 3p3q to the error (2p3p ; or as the eiTor 
2p2q d: D to the error 2pP ; and this new error added to or 
fubduded from the length TP, will give the correct length 
TP ± E. The inipe^lion of the ligure will fliew whether we 
are to add or to fubtra($l ; and if at any time there fliould be 
life for a%rther corredlion, the operation may be repeated. 

By arithmetic thus. Let us fuppofe the thing done, and 
let TP + e be the corredf length of the right line TP as 
found out by delineation ; and thence the eorrc6t lengths of 

TR 

the lines OR, BP, and SP, will be OR — BP + e, 

, M‘N 

and y/SP" + 2BPe+ee — 20R+TR TR"^ 

OR^ + TP ^ 'ppT 

Whence, by the method of converging ferics,we have SP + 
BP SB^ M^N 2TR M’^N STR* 


aSF " OR* TP " OR’ ^ ‘ TP*'' 

M‘N ^ . M*N 9TR 

&c. For the given co-efficients — SP, -^p- 

M‘N BP 3TR‘ M*N SB* , . _ F F 
’^oW'”sp’tp‘ ^ or-* 2SP’’P““'"^^’g’gH* 

F F 

and carefully obferving the Cgns, we find F -l- ge + ^ 


TP ^ OR’ ® 


SP ^ aSP’ ’ OR* If UK’ 

ee, &c. For the given co-efficients 


OR" " ^ 
M'N 


BP 3TR^ 


M^N SB‘ . 


ee ss 0, and e + g = — G. Whence, negleiaing the very 
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fmall term gj e comes out equal to — G. If the error 
e* . . 

g is not defpicable, take — G — g == e. 

And it is to beobferved that here a general method is hint- 
ed at for jfolving the more intricate fort of problems, as well 
by trigonometry as by arithmetic, without thofe perplexed 
computations and refolutions of afFe6led equations which hi- 
therto have been in ufe. 

LEMMA II. 

To cut three right lines given in pojition by a fourth right line 
that Jhall pafs through a point ajjigned in any of the three, 
and fo as its intercepted parts Jhall be in a given ratio one to 
the other. 

Let AB, AC, BC, be the right lines given in pofition, and 
fuppofe D to be the given point in the line AC. Parallel 



AB draw BG meeting BC in G ; and, taking GF to BG in 
the given ratio, draw FDE ; and FB will be to BE as FG to 
BG. Q.E.F. 

By trigonometry thus. In the triangle CGB all the angles 
and the fide CB are given, and from thence its remaining 
lides are found ; and from the given ratios the lines GF and 
BE are alfo given. 

LEMMA III. 

To find and reprefent by a linear defeription the hourly motion 
of a comet to any given time. 

From obfervations of the bell credit, let three longitudes of 
the comet be given^ and, fuppofing ATR, RTB, to be their 
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(lifFerences, lei the hourly motion be recjuired to the time of 
the middle obfervatiou TR. By Lem. II. diaw the right line 
ARB, lb' as its intercepted parts -AR, RB, may be as the 
times between the oblcrvations ; and it' we I'uppole a body in 
tlie whole time to detcribe the whole line AB with an equal 



motion, and to be in the mean time viewed from the place T, 
the apparent motion of that body about the point R will be 
nearly the fame with that of the comet at tlic time of the ob- 
fervation TR, 

The fame more accurately/, 

LetTa, Tb, be two longitudes ^i\en at a cfreatcr diftanccou 
one fide and oiflpe other; and, by Lem. 11. draw the right 
line aRb fo as its interceplcd parts aR, Rb, may be as the 
times between the obfervations aTR, RFb. Suppofe this to 
cut the lines Ti\, TB, in D and E; and becaufe the error of 
the inclination TRa increafes nearly in the du[)licate ratio of 
the time between the obfervations, draw FRG, fo as either 
the angle DRF may be to the angle ARF, or the line 
BF to the line AF, in the duplicate ratio of the whole time 
between the obfervations aTB to the whole time between the 
obfervations ATB, and ufe the line thus found FG in place 
of the line AB found above. 

It will be convenient that the angles ATR, RTB, aTAj 
BTb, be no lefs than of ten or fifteen degrees, the times cor- 
refponding no greater than of eight or twelve days, and the 
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longitudes taken when the comet moves with the greateft ve* 
locity ; for thus the errors of the obfervations will bear a lefs 
proportion to the differences of the longitudes. 

LEMMA IV. 

To fnd the longiluda of a comet to ariy given times. 

It is done by taking in the line EG the diftanccs Rr, Rj, 
proportional to the times, and drawing the lines Tr,T^. The 
way of working by trigonometry is manifeft. 

LEMMA V. 

To find the latitudes. 

On TF, TR,TG, as radiufes, at right angles ere6l Ff, RP, 
Gg, tangents of the obferved latitudes; and parallel to fg 
draw PH. The perpendiculars rp, meeting PH, will be 
the tangents of the fought latitudes to Tr and T^ as radiufes. 
PROBLEM I. 

JFrom the affumed ratio of the velocity to determine the tra- 
jectory of a comet. 

Let S reprefen t the fun ; t, T, t, three places of the earth 
in its orbit at equal diflances ; p, P, ts, as many correfponding 



places of the comet in its trajcAory, fo as the diftances inter- 
pofed betwixt place and place may anfwer to the motion of 
one hour ; pr, PR^ perpendiculars let fall on the plane of 
tRe ecliptic, and rR^ the veRige of the trajeiRory in this plane.. 
JoinSp, SP,Sw,SR,ST, tr,TR, t?,TP; and let tr,T^, meet in 
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0, TR will nearly converge to the fame point Q, or the error 
will be inconfiderable. By the premifed lemmas the angles 
rOR, RO^, are given^ as well as the ratios pr to Ir, PR to TR, 
and -arg to The figure iTtO is likewife given both in mag- 
nitude and pofition, together with the 'diftance ST, and the 
angles STR, PTR, STjj^. Let us affume the velocity of the 
comet in the place P to be to the velocity of a planet revolved 
about the fun in a circle, at the fiuiie diftance SP, as V to 1 ; 
and we (hall have a line pP-ar to be determined, of this condi- 
tion, that the fpace p'lar, deferibed by the comet in two hours, 
may be to the fpace V x tr (that is, to the fpace which the 
earth deferibes in the fame time multiplied by the number V) 
in the fubduplicate ratio of ST, the difiance of the earth 
from the fun, to SP, the diftance of tlie comet from the fun ; 
and that the fpace pP, deferibed by the comet in the firft 
hour, may be to the fpace Pw, deferibed by the comet in the 
fccond hour, as the velocity in p to the velocity in P ; that is, 
in the fubduplicate ratio of the diftance SP to the diftance 
Sp, or in the ratio of £Sp to SP + Sp ; for in this whole 
woik I negled fmall fradlions that can produce no fenfible 
eiror. 

In the firft place, then, as mathematicians, in the refolution 
of aftcefted equations, are wont, for the firft effay, to affume 
the’root by conje6lure, fo, in this analytical operation, I judge 
of the fought diftance TR as I beft can by conjedure. Then, 
hy Lem. II. I draw rj, firft fuppofing rR equal to R^, and 
again (after the ratio of SP to Sp is difeovered) fo as rR may 
be to R^ as 2SP to SP + Sp, and 1 find the ratios of the 
lines P'S, rj, and OR, one to the other. Let M be to V x 
as OR to pTj ; and becaufe the fquare of p's- is to the Iquare 
of V X tr as ST to SP, we fliall have, ex eequo, OR^ to as 
ST to SP, and therefore the folid OIP X SP equal to the 
given folid X ST ; whence (fuppofing the triangles STP, 
PTR, to be now placed in the fame plane) TR, TP, SP, PR, 
will be given, by Lem. T. All this I do, firft by delineation 
in a rude and hally way ; then by a neW delineation with 
greater care; and, laftly, by an arithmetical computation. 
Then I proceed to determine the pofition of the lines r^, p-w, 
with the greateft accuracy, together with the nodes and incli- 
VoL. III. G 
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nation of the plane Sp® to the pl^ne of the ecliptic ; and in 
that plane Sp^ 1 defcribe the trajedory in which a body let 
go from the place P in the dire6lion of the given right line pu 
would be carried with a velocity that is to the velocity of the 
earth as pw to V x tr. Q.E.F. 

PROBLEM II. 

To correB the ajfumed ratio of the velocity and the trajedory 
thence found. , 

Take an obfervation of the comet about the end of its ap- 
pearance, or any other obfervation at a very great diltance 
from the obfervations ufed before, and find the interfedlion of 
a right line drawn to the comet, in that obfervation with the 
plane Spij, as well as the comet’s place in its trajedory to the 
time of the obfervation. If that interfedion happens in this 
place, it is aproof that the trajedory was rightly determined ; 
if otherwife, a new number V is to be alTumed, and a new tra- 
jedory to be found ; and then the place of the comet in this 
trajedory to the time of that probatory obfervation, and the 
interfedion of a right line drawn to the comet with the plane 
of the trajedory, are to be determined as before ; and, by com- 
paring the variation of the error with the variation of the 
other quantities, we may conclude, by the Rule of Three, 
how far thofe other quantities ought to be varied or correded, 
fo as the error may become as fmall as pofiible. And by 
means of thefe corredions we may have the trajedory exad- 
Jy, providing the obfervations upon which the computation 
Was founded were exad, and that we did not err much in the 
affumption of the quantity V ; for if we did, the operation is 
to be repeated till the trajedory is exadly enough determin- 
ed. Q.E.F. 


End of the Syftem of the World. 
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PRINCIPIA. 

CONTAINING 

EXPLANATIONS OF SOM^ DIFFICULT PLACES 

I N 

THAT EXCELLENT WORK. 




Dy W. Emerfon, 




Principia being a book which is uni- 


The 

verfally read by all the world, that pretend to any 
degree of philofophical learning, it cannot be im- 
proper to explain fuch paifages therein as feem obfeure 
and difficult. For although it is written in as clear 
a ftylc as can be done in fo few words, yet, by reafon 
of its concifenefs, and the difficulty of the fubjefils 
treated on, many things occur which require fomc 
farther explication, cfpecially to young beginners. 


Accordingly, feveral mathematical writers have en- 
deavoured to explain fome parts or other of this 
Work, to make tliem intelligible to common readgfi, 
who, without fuch helps, would find it very difficult 


to get forward. 


The noble fubjefts this work treats of being no lefs 
than the grand fabric of the world, and the Avholc 
fyftem of nature, although comprifed in fo little a 
compafs, makes it highly deferving of every illuftra- 
tion that can be given it. 
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PREFACE. 


The author has clearly fliewn in this work that all 
the bodies in the world are actuated by the univerfal 
principle.of gravity ; which is this, that every body 
is attrafted or impelled towards any other body by a 
force which is reciprocally as the fquare of the 
diftance of the two bodies. On this univerfal prin- 
ciple he iliews that the motions of all the great bodies 
in the world are founded. 

Several men had written fyftems of Philofophy be* 
fore Sir Ifaac ; but, from their ignorance of nature, 
none of them could ftand the teft. But his Princi- 
ples being built upon the unerring foundation of ob* 
fervations and experiments, inufl neccffarily ftand 
good, till the diflblution of nature itfclf. 

This little Treatife was written many years fmee ; 
ftm^vhen I ftudied the Principia, I was frequently 
at a ftop, which obliged me to make calculations 
licre and there as I went on ; and, when I had done, 

I fet them down as notes upon thefe places ; wherein ^ 
I only meddled with thofe places that appeared diffi- 
cult to me. Thefe notes colleSed together are the 
fubjefl: of the following Comment ; and I have re- 
vifed tlie whole, and added feveral things that feemed 
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wanting. Yet I believe there are feme things ,ftill ^ 
behind, which are not .fufficiently explained by any 
commentator, and efpecially fuch as are there laid 
down without their demonftrations. 

As nobody is reckoned a philofopher that does not 
read the Principia, therefore I thought proper to 
publifli this fmall Trad,' fuppofing that it may be 
iifeful to others that have a defire to read that cele- 
brated Work. What I have farther to mention is 
this : the paffages referred to, and which are to be 
explained, are not taken from the Latin edition, 
which would not fuit the Englifli reader ; but from 
Motte\ tranllation, and from the iirlt edition thereof, 
if thefe happen to be more. 


JV, Emerfon, 



ADVERTISEMENT, 


Befides the common Algebraic charaders which 
are in hfe, I make ufe of this a, which fignifies a 
proportion. Thus A a BC, fignifies that A i^ in a 
conllant ratio to BC, or that A is as BC. 



[Cor. to the laws. And therefore if the weight p 
IS to the weight A, &€.] For p will have the fame effed as 
P, if p : P : : pH X OL : pN X perpendicular from 0 on pN. 
And P : A : : (by what went before) KO : OL. Tljerefore, 
(X equo, if p and% are in equilibrio, it will be p : A : : pH 
X KO : pN X perpendicular from O on pN. Note, the line 
pN ought to be drawn in fig. % and not PL. 

[Cor. 4, ib.] This is demonftrated in Keifs Tntrodu6lion, 
theor. 20; aslikewife in lem. 23, p. 86, of this Work. 

[Ib. p. OQ, fubjinem; but the diftance between thefe two 
centres,] that is, between the centre of the two, and the cen- 
tre of all the reft. Farther, the actions of all the bodies may 
be confidered as the fum of the aiSlions of every two ; and 
then the cafe will be plain. 

[Sch. to cor. 6, p. 23, then will ST reprefent] For if 
RV = retardation of deferibing 2RA + 2VA, ST will be tlie 
retardation of deferibing k of that, or |RV + ^VA, that is, 
SA or TA ; and therefore the body falling from S in th^ air, 
or from T in vacuo, will have, nearly, the fame velocity in 
A ; the fame of sA or tA ; for afeending to s in the air, or 
afeending to t (or defeending from t to A) in vacuo has the 
fame velocity in A. 

[Ib. p. 27, but if they are turned afide by the interpofition.] 
This is plain by prop. l6. Mechanics. 

[Ib. And in like manner, &c.] By the fame prop, as be- 
fore. 
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BOOK I. 

SECTION 1 . 

[Lem. 10.] For let AE be divided into an infinite number 
of equal parts, an y part, as D', X by tbe velocity acquired in 
the time AD (that is, D X DB), is as the fpace defcribed in 
that little part of time D' (for the fpaces are as tbe times x 
by the velocities) ; and the fum of all tliefc produds or areas, 
that is, the areas ADB, AEG, are as the whole fpaces de- 
fcribed in the times AD, AE ; but thefe areas are as AD^ and 
AES by lem. 9. 

[Ib. cor. 1. — to the bodies, and meafured — ] that is, 
and the faid errors meafured by the diHances of the bo- 
dies, &c. 

[Lem. II, have a finite curvature.] Thefe words exclude 
thofe curves whofe radius of curvature is infinitely fmall, or 
infinitely great. 

[Ib. fchol.J All this may be univerfal^ demonftrated af- 
ter this manner. Let AB, AF (Fig. 1), be two paraboloids. 
Let lalus red urn of AF = a, of AB = b, AC =: z, 
AE = X, CB, EF, or AD = y. And let m be any affir- 
mative index, and fuppofc a^x = y'” + *. And b®* + "2 =: 

y» + " + ■. Then = y = ijm +\ + . ^ 

I . 

i And by involution, a'" x + +" + *=: 

b® + " X m + * ym + I ^ therefore, a”* + mn 4. m x" 

. b®^ + "i" + ® : z® : X® + *. But, becaufe x is infi- 

nitely fmall, therefore when n is affirmative, the firfl term is 
infinitely Id’s than the fecond ; and, therefore, z® + ‘ is infi-^ 
nitely Idfer than x® + * ; but if n is negative, the firfl term is 
infinitely greater than the fecond (Fig. 1), and, therefore, 
2® + * is infinilely greater than x® + *, or z than x ; that is, 
in cafe the fiill DB is infinitely Icfs, and in cafe the fecontl 
infinitely greater than DF. But DB, DF, are as the curva- 
tures of AB, AF, therefore, See. 

SECTION 11 . 

[Pr. 1, cor. 4, as the verfed fines, of arcs] (Fig. de- 
fcribed in equal times, tending to tbe centre of force, and 
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bifeiSl the choids ; let AB =z BC, and Bd be J. to AC, then 
Ad = dC. And when the arc AC isdiminithed to infinity, 
e coincides with d ; and consequently Ae = eC, or BeS 
bifeds the chord AC, Complete the parallelogram ABCf, 
and eB = ffB. N ote. — He calls that the verfed fine of an 
arc which is commonly called the verfed fine ol halt that 
arc. 

velo.* vel.* X rad, 

[Pr. 4, cor. 2.J ror the forces oc — a — oc 

rad. 

— — all the other corollaries (except the lall) depend 
on this. 

[lb. cor 8.] Let R = radius of curvature, D r: diftance 
from the centre of force. Then will the p. time oc R" oc B" 
(by fimilar pofition), and the areas oc velocities oc R"—* oc 

B"~‘. And therefore the force a -jy—rr ; the contrary. 


[Ibid, cor. Q-] Take the arc Bd infinitely fmnll, and let 
BF be deferibed by the revolving body (Fig. 3). in the fame 
time that a body falls from B to E by an uniform centripetal 
force v^hich it has at B ; then cd is the f[)ace fallen in the 
time of describing Bd. But Cd or Bn : BE : : (as the Squares 

BrB BF^ 

of the times, that is, as) Bd^ : BF^ ; : TTr* • “i> a^' But Bn 

xiA Im 

Bd^ BF‘ 

= -TTi-* Therefore BE • BA 4r. 

BA BA 

[Ib. fchol. as the Square of the length applied to the radius ;] 
for the number of refledlions is a velocity or length dire6lly, 
and the radius reciprocally. 

[ Pr. cor. 2, in the fame periodical time] Let ac be |j 
to RP, and da || to PS (Fig. 4). Then if tfie periodic times 
be equal, the areas generated in a given infinitely fmall time 
muft be equal, that is, the velocities round R and S mufi: be 
reciprocally as (the J.s on PG from R and S, that is, as) RP 
and SG. And fuppoling a, c, d, to coincide in P, the force 


round R to the force round S is in the complicate ratio of 
(of ac to ad, or) SG to SP, and the fqiiares of the times of 
describing a given arc, that is reciprocally as the Squares 
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of the velocitieii, that is, as SG^ to RP\ Therefore the force 
round R to the force round S : : is as SG^ to SP X RP‘, 
when the periodical limes are equal. 

Or thus : let p be the place of the body when the tangent 
pg is II to the line RS. Then the velocities round R and S, 
in the place p, will be equal ; for the fmall areas are equal, 
and their heights are equal, by reafon of the parallels RS, 
pg. Draw. TV, tv, and then by fimilar triangles Sp^ X pv^ 
=> Sg^ X pP. And SP^ X PV^ = SG^ x PP. Then by 
this prop, force round S, in P : force round S, in p : : Sp^ x 


pv^ or 


Sg^ X pt^ 


SP X PV^or 


SG^ X PV 


Sp ----- SP 
And force round S> in p : force round R, in p : : Sp : Rp 
or Sg. 

Alfo force round R, in p : force round R, in P : : RP^ X PP 
: Rp^ X pt^ or Sg^ X pP ' : ex eqvOy force round S, in P : force 
SG^ y PTJ 

round R,inP::RPxin^^: 


SP 


SP X RP: SG^ 


[Cor. 3, in the fame periodic time] for then the infinitely 
fmall and equal areas will be deferibed in equal times in P, 
and both thefc areas and the forces will be the fame as in a 
circle of the fame curvature with the orbit at P, and therefore 
the forces are the fame as in the foregoing corol. 

[Pr. 8, fch.] let ApD (Fig. 5) be an ellipfis, AP a circle. 
Then rn : Kn : : (pm : Pm : :) qn : Qu. And by divifion, 
qr : QR : : (qn : Qn : :) CD : CA. The force in the ellipfis 


qt^ X Sp"" 


QV 


qr 

X CA 


reciprocally =: (bccaufe qr = 


QR X CD] 
CA 


ISl - (bee mfe 

QR X CD “ P^^cauie ^ ^ 

X CA" X Sp" 


/I /> 3 - pm' X CA»x 2pm' 

= (becaufePm zz - — j — 


CD^ 


There- 


fore (becaufc CA, Sp, and CD are given) the force in the ellip- 
iis is oc pm^ reciprocally. But in the hyperbola and parabola 
(where CA is negative or infinite) thefe lines are ftill given, 
and therefore tiie force in any conic fedtion is reciprocally as 

tnp*. 

QT" 

[Pr. 9,. w(ll be changed — ] that is every where the 

fame ratio, viz. « SP. 
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[Ib. fecond way]. For PV is (by reafon of the given angle 
at P) as the radius of curvature, that is (by reafon of the fimi- 
larity of the parts of the figure PQ), as SP. 

[Prop. 10, fecond way. Add the redangle uPv] for Qv* 
+ uPv = Qv^ + TP + Tv X IT^Tv = Qv^ + TP‘ — 
Tv^ =QT^ + TP^z: fquare of the chord QP ; and Pv x UV4. 
uPv = VPv. 

And il the line QV be drawn, and a circle through the 
points PQV ; the triangles PQv and PQV will be fimilar (the 
< QVP being = QPR =: PQv), and therefore Pv ; PQ ; 
PV^. 

[Prop. 10, fch. in the ratio of the difiances from ,the centre] 
for the fluxion of the ordinates is augmented or diminifhed ia 
the fame ratio, and that is as the force. ^ 

SECTION ni. ^ 

[Prop. IS, cor. 2]. For, in the dcmonfirations of prop. 1 1, 
12, and 13, QT^ is always equal to Qli x ktus rectum. 

[Prop. 16, cor.] The four firfi corollaries are general, and 
agree to all conic fedions; the fixth corollary belongs to one 
and the fame parabola. 

[Ib. cor. G, it is more variable] that is, in the ellipfis, the 
ratio of the velocity at a Icfs and greater difiance is greater 
than the ratio of the fquare roots of the greater and lefier dif- 
tance : in the hyperbola it is greater ; for the ratio of the 
greater and lefier perpendiculars (which is the fame with this 
ratio of the velocities) is greater than the ratio of the fquare 
roots of the greater and lefier diftances in the ellipfis, and lefier 
than it in the hyperbola ; for in the ellipfis the perpendiculars 
in the greateft and leaft diftances are the fame with thefe dif- 
tances; and in the hyperbola the greateft perpendicular 
poflible is that from the focus on the afyraptote, and the leaft 
the diftance to the vertex ; alfo (by Conics, prop, 24, ellipfis) 

the perpendicular SY <x 3, fee alfo cor. 7). 

[Prop. 17> yetgreatd velocity] then PH (and PK) will be 
negative. ^ 

[Ib. cor. 2] (Fig. 3) The velocity in a circle is =: velocity 
acquired. % falling through |DS, by the given centripetal 
force. 
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SECTION IV. 

[Prop. 18, 19 , 20.] Two given points or right lines. 

[Prop. 20, cale 4. But becaiife of the fimilar triangles 
VSH, vsh] ; for (by fimilar As, SVP, shq) SV : SP : : sh : sq 
: : (by fimilar As, svh, spq) sv : sp. And by the fimilar As 
SHP, shp) SP : SH : : sp : sh ; ergo SV : SII : : sv : sh ; and 
the angle VSH psq = vsh. 

[Prop. 21] three — lines. If three tangents be given, you have 
three points Y, from which three equal right lines as YH arc 
to be drawn to H, by cafe 3 of the laft lemma. If two tangents 
and a point P, there will be given two points Y, from which 
two equal lines are to be drawn to the focus H, and a third 
point P, from which PH is to be drawn ; by cafe 2, lem. 
In the hyperbola, it is PH — YH zz SP. If three points P 
be gi>^n, it is done by cafe 1, lem. 16. 

SECTION V. 

[Lem. 17, in given angles] each to each refpedlively in 
the fame invariable angle, though they are not all equal. 

[Lem. 18, and fo (by fuppofition) — ] for p and b are in the 
curve, and the redangies of the lines from p and P arc in the 
given ratio. 

[Ib. fch. if p happens to be in a right line] For if rpq : 

spt : : RPQ : SPT ; and P be placed in pB ; then by fimilar 

trian^s pq : PQ : : (pB ; PB ; :) pt : PT (Fig. 6) ; and rp : 

RP : : (Cp : CP : :) ps : PS. And by multiplying you have 

rpq : RPQ : : spt : SPT ; which agrees with the lemma. But 

if P is placed out of pB, as at n ; then becaufe the ratio 

RhQ . , RPQ . . rpq 

IS greater than is alfo greater than which 

is againft the hypothcfis (Fig. 6). 

If p is placed in DC, then rpq will be = 0, and therefore 
RPQ — 0 j and P will alfo be placed in DC. 

[Ib. If the two oppofite angles] (Fig. 7) The As PCR, 
PBT are fimilar, for the angles at S and T are right, and C 
=: B, being on the fame arc PD ; therefore PR : PC ; : PT 
: PB and the triangles PBQ and SCP a^te fimilar, for the 
angles at S, Q are right, and SCP =: PBA ; therefore PC : 
PS : : PB : PQ; and, PR X PQ zz PS X PT; 
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and, 6 contra, if PR x PQ = PS x PT, the locus of the 
point P is a circle. 

And if thefe lines afe not perpendicular, yet, fince their 
lengths will be reciprocally as the fines of the angles, it will 
follow that PQ X PR : PS x PI : ; fine of S X S ofT : fine 
of Q X line of R, and the contrary. 

[lb. and one or two] (Fig. 8) If the point Bbe fuppofed 
to move towards A, and at laft to coincide with it, lb that AB 
become a tangent at A, the lemma will Hill hold. And if B 
pafs beyond A, then the ligure will be converted into this 
BECDEAB ; the lemma will Hill hold as before : and if 
B move to an infinite dillance, then DB, AE will be parallels ; 
and C alfo, then DC, AC will allb be parallel; and alfo 
the conic feblion palling through A and D will pafs on infi- 
nitely towards C and B. 

[Lem. 19.] This may he refolved as prob. 12, in the 
Univerfal Arithmetic. 

[Lem. 20.] Here is another figure relating to this lemma 
(Fig. 9). 

[Lem. 21. Therefore (by 1cm. 20) the point D] for the 
angles CPK, BPT, CPB are given, and therefore the lines 
PT, PR (to which the fides AQ, AS of the parallelogram are 
parallel) are given by polition (See fig. above). 

Here is another figure of lem, 21 (Fjg. 10). This lemma is 
the fame with prol!||pS, of the Univerfal Arithmetic. 

[Prop. 22.] (Fig. 11) This is the fame with prob. 55, in 
the author’s Univerfal Arithmetic. 

[Prop. 23, cafe I.] This is the fame with prob. 56, of the 
Univerfal Arithmetic, or prob. 37. 

[Prop. 23 (Fig. 11), cafe 2. HA* will become to AP] for let 
n be a point in the conic fedion infinitely near a, through both 
which the line ih pafies; then ih is a tangent at a. Then 
(cor. 4, prop. 44, b. I. my Conics) it will be, bgd : bhd : : pgc 


, bhd X pgc - , I , . 

: xhy =: — ) and hna, of ha* : lan, or la* : : xhy, or 

hhd X pgc . 

‘^ bgd ~ ■ ^ ^ 

[Prop. 24. — will (by the properties of the conic fedions)] 
(Fig. 12) becaufe any tangent may be fuppofed to cut the 
oarve in two fK^mts infinitely near each other/ therefore 
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(by cor. 4, prop. 44, b. f. Eilipfis) theft proportions follow. 
Alio draw kw || to ga, to interled pg, and Jet nk* =: tkw. 
Then tkw or nk^ : ha^ : : dkb : bhd : : kr‘ : lir\ And nk : ha 
; : kr ; hr. And n, r, a, fall in one right line. Again^ kn : 
ga : : kp^ : gp^ ; and kn : gn : : kp ; gp. Whence u, p, a fall 
in one right line. And therefore the points p, r, a, are in one 
right line. 

[Lem. 2^2. Thus any right lines converging] Let the 
lines be kg, kh (Fig. I.i). Draw OB, OeD, and pe || lonB, 
Let m, q,-be the projeded points of f and h. Tljeii''(becaufe 
in the point B, OB z: OD) inn (or Bn — Bm) z: fr. Alfo 
qp (or cp — cq) ; hg (or Dg — l)h) : : Oe : OD ; : AB : AD 
: : fr, or nin : hg. Therefore qp z: mil, therefore pn, qni 
(which are the projeded lines of gr, hf), are parallel. 

[lb. we fliall have the folution required], (Fig. 13) For the 
figure hgi fiippofed now to be given, may be transformed in- 
to the filft figure HGf, by making as Od to dg, fo is OD to 
DG parallel to the radius AO. 

[lb. For as often as two conic fedions] For theft conic 
fediions being transformed Into fnnpler ones, give the point of 
interfedion ; and thereby is had an ordinate drawn from that 
point of interfedtion in the transformed curves, correfponditig 
to the interfedion of the given curves. 

[Prop. 2j.] Let KG, KIl, bc(Fig. 14) two tangents meeting 
in K,yx thothiid langeift meeting ba ij|p Let the lines KH, 
KG, be piojeded in ki, Ih ; andyb, yx,Into Id, ih ; then you 
have the paiallclogram hiki; then proceed according to the 
propofition. 

[lb. For by the properties of the conic fedions] (by cor. 4, 
prop. 44, Conics 1). 

[lb. Blit according as the points.] (Fig. 15) This is plain 
from the nature of the eilipfis and (Fig. Ki) hyperbola} and 
the figure cannot be a parabola, by reafon of two parallel 
tangents ih and ki. ^ 

[Lem, 23.] The lemma is univerfal, as will appear by ap- 
plying the dcmonfitralion to this figure 17- 

[Lem. 24, from the nature of the conic fedions] (by prop. 
46, b. I. of my Conic Sedions). 
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[Ib. cor. 1.] This holds as well (Fig. 18) when the tan- 
gent FG is on the other fide. 

[Lem. 25, alfo KH is to HL] (by cor. 1, lem. 24) for the 
tangents FH, LH, cut the parallel tangents ML, IK, in F 
and K. 

[Lem. 25, cor. 2.] This (Fig. 19) holds as well when qe is 
on the other fide of the figure ; for in all cafes (by cor. 1) 
KQ X ME is given wherever the points Q, E fall, as fuppofe 
ill q, e ; for(by cor. 1, lem. 24) Bq : AM, or BK : : el : eM ; 
and, by divifion, Kq : BK : : MI : eM. And Kq x eM =: 
BK X MI = (by the prop.) KQ x ME; and KQ: Me : : 
(Kq : ME : :) Qq : Ee. 

[lb. cor. 3.] for fince eM : ME : ; QK : Kq ; therefore (by 
lemma 23) if the right lines eQ, MK, and Eq, be drawn, 
the points of bifedion will be placed in a right line given in 
pofition. 

[Prop. 27, fch. deferibe the circle BKGC.] for the angle 
BKC (which is equal to the fum of the given angles PBK and 
KCP) is always given. 

[lb. and when thofe other legs CK, BK] For it mufi; be 
obferved, that when the lines BP, CP, touch the curve at an 
infinite djftance, that thefe lines are parallel to one another, 
and to the afymptote. Then, to know the pofition of the 
afymptotc, as the lines Bk, Ck revolve round the circle, the 
interfedion k will fometimes fall into the line MN, as at the 
point N ; then BN is parallel to one afymptote ; for the inter- 
fedion inuft necelTarily fall in the line MN. And for the fame 
reafon the line BM will be parallel to the other qfymptote. 
And, therefore, if the angle between them be bifeded by the 
line OH (which is done by the perp. OH), then that line is 
the greater axis, or parallel to it. 

[Ib. fch. But the fqiiares of the axes] For the angle NBM 
== angle between the afymptotes = NLM, and NLH = half 
the angle of the afymptotes. Therefore LH is to HN as the 
tranfverfe to the conjugate, And the fquares of thefe axes 
are as LH^ to HNS or as HN* to HKS that is, as LH to HK. 

[lb. There are alfo other lemmas] For if the fedions (Fig, 
-0) are fimilar, and in fimilar pofition, and concentric, the 

VoL. HI. H 
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tangent acb in c is parallel to the tangent dxe in x, and there- 
fore ab the ordinate is bife6ted in c the point of contadl. 

[Lem. Q,6j cor.] This is the fame with prob, 32, of the 
Univerfal Arithmetic. 

^ [Lem. 0,7, cor. in the conftru6lion] for then IH : HF : ; 
(iX : XY : :) ih : hf. And IH : HG ; : (iL : LM : :) ih : 
hg. Or, if it be made as iL : : LM : : IH : HG, it will be ih : 
hf IH : HF; therefore, on the contrary, if it be 
ih : hf : : (i£ : EV : : iX : XY ; :) IH : HF, it will be iL : 
LM : : IH : HG, which comes to the former conftru6tion. 
For the folution of prop. 00, 03, 24, 05, 06, 07, fee prop. 70, 
7L 70, 73, 74, 75, b. IH. my Conic Sedfions. 

[Prop. 20, fch.] Make alfo KA to AS (Fig. 21), and LT 
to AT, as HG to GF, and draw MS, NA. Then the figures 
SAKM and ATLN are fimilar to FGHI; and fince three of the 
angles S, A, K, or A, T, L, are in the proper lines CB, ED, 
DB, if the fourth angle M or N was in the fourth line EC, 
the problem would be rightly conftrudled. Therefore it is 
plain its place can be no where but where the line MN in- 
terfedls EC, as at i, which is the place of the angle I. 

Xow we are to prove that PQ cuts BA in f, where F is to be 
placed. The tiiangle FGI is fimilar to PEi (by conftrudtion), 
and fuppofe them fimilar to fgi ; then the triangles Pfi and 
’ Egi are alfo fimilar; for the angles at i are equal, and the 
fides about thefe angles proportional; therefore the angle 
Egi = Pf i ; and fince goi = Qof, oQf or PQE will ben fig. 
So that to have fig fimilar to FIG^ PQF muft interfedf Eg in 
Q, to make the <PQE=FJG ; and the reft follows of courfe. 
SECTION VI. 

[Prop, so, cor. 1.] For the times are as the areas, that is, 
asJ-GH X AS to I X AS X 2AS. 

[lb. cor. 2.] For wherever the point P falls, viz. infinitely 
near A, ftill ^GH X AS (= area APS) =: ^AP x AS. And 
8GH = SAP. Therefore GH or the velocity of H : AP, 
or the velocity of P : : 3 : 8. But the velocity of H is every 
where the fame, for always ^GH X AS z: area ASP. And 
GH a ASP 'a time of deferibing AP. 
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[Ib. cor. 5.] For AP is the chord of a circle paffing through 
A, S, P, and whofe centre is H. 

[Prop. 31, as GK the difference] For when F comes to 
touch the line GH, the point A will be diftant towards G 
from the line FQO (which will then h^ ± to GH) hy the fino^^ 
of AOR or AOQ, and is then at L ; therefore GK = arc 
GF — fine of the arc AQ. And GK is as the time, and 
fo it was in the conflrudion ; therefore the point P is rightly 
found. 

[Ib. fchol. but fince] This is demonftrated in Keifs Aftron. 
Ledures, p. 289, 297 (Fig. 22), or thus : Let AON = N 
(Fig. 23). Since (AB : SH : :) OQ : OS : : 57,29578 : B, 
therefore B = OS in degrees of the circle AQ. Aiid frnce 
(rad. : fine of AOQ : :) SO : SF : : B : D, then will SF = D 
in degrees. Let q be the true place of the body ; Q the af- 
funied place. Now fince the time is as the area SAQ = OAQ 


+ ^OQ = QA -f SF X — j therefore the time is as 


AQ ± SF ; and, therefore, nearly as AQ ± D, but accii-^ 
rately as^^q ± SE. Take N(J) =: D. Now OE : OQ : : (LE 
or SE — SF or) Nq ± N$, or q(p or Q(p — qQ : Qq. And 
Q(p : Qq : : QE : OQ, by coinpofition, and becaufe QE zz 

OQ ± OE. But, by conftrudion^ OQ = And rad. 

R 


(R) : cof. of AOQ 
SO X cof. AOQ 


SO : OF or OE, therefore OE zz 
OS X L 


R 


Wherefore Q0 : Qq : ; (QE =) 


R 


^ SO X cof. AQ, OS X L 
R • “1“' 


: L ± cof. AQ : L. 


ButN — 


AOQ + D = (AN - AQ + N(p =) Q(p. Therefore Qq 
== E, and AOq z= AOQ + QOq = AOQ + E, nearly ; 
and therefore E is rightly found.' And, repeating the 
fame work with thefe new angles, there will be found 
angles F, G, H, 1. ' 

[lb. the area AIKP will be given] (Fig. 23) by prop. 87, 
cor 2, and fchol. my Conic Sedions, b. IL Alfo AIKP s 
OPA, by cor. 1, prop. 86, ib. 
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Mo area defcribed = ASQ = ASP + PSQ = ASP + 
PQ X |SN (nearly) z: A (by fuppofition) ; therefore A — 

ASP = |SN X PQ ; ai\d PQ = ’ nearly 

^ [lb. and by fiich computations. — But the particular (Fig. 
24) calculus] with the radius i and centre II delcribc the cir- 
cle RSE; and draw SP, Sp, HPT. Hpr. Let fall the per- 
pendiculars ptf pu, upon the lines HP, SP j wliich will be 
equab becaiiie the angles pPt (HPB) and pPii are equal. 

Let the arc RT rz z, fine TQ z: s, cof. HQ = x, SP 
=z y, HP z: V, AO or OB z: a, SO or OH zr n, OD = c, 
T = mean anomaly, 1 z: latm re Hum. 

By fimilar fe(flors, HT (t) : HP (v) : : Tf (z) : pt or pn z: 
vz. And the area z: fluxion of BPS. But 

(cor. 2, prop. 23, cilipfis) vy z= cc + ~ X PM^ and (cor. 


3, prop. 72, ib.) HP or v z: 


cc 


'a *f nx/ 


a -f nx 


5 and rad. (1) : PH 


+ 

nnccss 

a 


s : PM = 


a -p nx 

and area SPp z: |ccz + ilHH-TfL — ~ i^cz -f 

4- nx^ * aa + 2anx, &c. 


3 therefore, vy = cc + 
nnces'iz 


nnccssz n^c^s^xz 


2aa 


• But sz z: — ^ X, and xz zr s, and 



SPp z: 


innlsx 

idlsss 

area 

ialz - 

4 

a 

2aa ^ 

alz 

mil 


EHQT - 

nMs^. 

T 

4a 

X area 

6aa ^ 

alz 

nnl 



nMs^ 

“ T 

+ 47 

X area RIQ — — ' 
^oaa 


I 


^ ~nnl 

Bat RTQ = |z — |xs. Whence BSP = lalz + i— x 


nMs^ 


— 2aa + nh . nnls ax nss 
^Z_|xs_^^ = — X - + -^- 



mtewm. 


juuje.ioi , 





And dividing, z ■ 
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8nns ax nss 


m 


X — + ^ = T, the mean 


anomaly. Whence z = T + 
4n^ 


4aa + 2nii 


X S.2T + 


, -- X S.T^ becaufe T is nearly =: z, and 2xs 

6a^ -f 3ann ^ 

S.2T. But fince n is very fmall by fuppofition, z r: T + 

— X +— xS.T * Where the quantities — x 
4aa 3a^ ^ 4aa 

2n^ ■ j 

S. 2T, and — x S.Tl are fmall arcs to be added to T. 


Now D = c - 


— - x a — c : and D x AO + OD r: 

a a 


- X aa — cc zz z: nn nearly, becaufe c zz a, very near. 
Therefore s.Y : rad. (1) : : nn : 4aa, ands.Y or Y (in fmall 
arcs) = ^ ; alfo V : Y ; : ST : rad. (1), and V = Y X 

S.2T = 7— X S.2T, which is our firft term, or his firft 
4aa 

equation. 

Again ; S.Z ; rad. (1) : : 4nD, or x a — c ; 3AO^, or 


4nc 


and S.Z = ^ x a — c. But a + c x a - 
3a^ 


aa-^ 


1 nn nn i i v. 

z: nn, and a — c = '“7"“ = ~r nearly j thcretore S 
a T" c 2a 

4nc nn 2n^c 2n^ , ai/> ^ rr lTtftj 

~ X zz zz — j nearly. Alfo X ; Z : : S.T ; rad.f l), 
3a^ 2a 3a^ 3a^ ^ 

• 2n^ •— «. 

And X zz Z X S."P X S.T^j which is the fecond term. 
3a 

or his fecond equation. And when T is above 90®, then S.2T 
ancfY will be negative, and <BHP zz T + X ± V. 

He calls Y or ^ the greateft firft equation, becaufe it i» 


2n^ 


greateft when S,2T zz 1, andT = 45®; and Z or ^ the 



lOa A SHORT COMMENT 

great^ll fecond equation, becaufe the greateft it can be is when 

ST' = 1, orT = 90 °. 

SECTION VII. 

[Prop. 33, to AB the principal femi-diameter] this fliould 
be f AB. 

[lb. cor. 2] for the two firft terms of the prop, are in a ratio 
of equality, and fo the two laft. 

[Prop. 34. For (by cor. 7> prop. iG)], and cor. 6, prop. 4. 

[Prop. 35, The fame things fuppofed] to wit, that the Ipace 
CS is as the area SDE of the circle, redlaiigled hyperbola, or 
parabola. 

[Prop, 37, as appears by prop. 34] and cor. 7, prop. 16. 

[Prop. 38, acquire the velocity CD] (Fig. 9.5) by prop. 10, 
cor, 2. The periodical times of the ellipfes AD and AP are 
equal. The time of defcribing AP is (as APS, that is, as ADS 
or) as AD. Let the ellipfis AP coincide with AC, and the 
time of defcribing AC will ftill be as AD. Farther ; draw 
cd II to CD; becaufe the time of defcribing the whole ellipfes 
ADd, APp, are equal, therefore in equal times they defcribe 
areas which are as the whole ellipfes, that is, as CD to CP, 
or ADS to APS. Wherefore in the time D deferibes AD or 
Dd, P deferibes AP or Pp, and (when P coincides with C) 
C deferibes AC or Cc ; therefore the velocity of D : to velo- 
city of C : : is as Dd : Cc : : or as SD to CD ; but SD and 
velocity of D is given ; therefore the velocity of C is 

[Prop. S9> cor. 2, 3.] In thefe cor. the line PD is the fpace 
the body would afeend to, or fall from (to acquire the velo- 
city it is projected with), by a uniform centripetal force, ac- 
cording to cor. 1. 

SECTION Vfll. 

[Prop. 40, cor. 1.] This is evident, by fuppofing ITK 
convex towards C, 

[Ib. cor. 2.] For by fluxions, let AC = P, CDs:A=:x 
(Fig. 26). Then DG a x” — * (by hyp. and prop. 39), and 

DEFG zz fluxion of the area cc x" *x. And the area 
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DChG a —• And when x becomes = p, the area AChB 

oc Therefore ADGB « ^ ~ ♦ And, therefore, by 

n 

prop. 39i the velocity in D, at the diftance A or x, is cc 

j or (becaufe n is given, and x =: A) as y/P" — A". 

N. B. If the force is reciprocally as the diftance, the curve 
BGh will be a rec^tangled hyperbola to the afymptotes AC, 

Ch; for DG oc ^ = (fuppofe to) And DG X CD 

= bb, which is the known property of the hyperbola. And 
the velocity at C will be infinite, for the area ABliC is infinite. 
And the velocity at any place 1) is as the hyperbolic area 
ABGD, which may be found by Stone’s Fluxions, p. 54; or 
by cor. 2, prop. 87y book II. niy Conic Sc6tions. 

[Prop. 41. — in the trajectories found.] One being given 
to find the other. 

[Ib. given the circle VR] that is, CV is known. 

[lb. in the leaft given time,] thefe finall parts of time are 
taken conftant and invariable. 

[Ib. 'and the triangle JCK] that is, the triangle will be in- 
variable. 

[Ib. and fuppofe the magnitude of Q,] This quantity is 
any conftant quantity, but unknown. Suppofe in fome cafe 
^AMD = b X IK, and Z = b X KN. And in all cafes 
(by prop. 40) x/ABFD = b X IK ; and in all cafes Z or 

^ =z b X KN, that is, in all cafes Q == b X A x KN ; 

which is plain, becaufe Q and A X KN are conftant quan- 
tities : therefore if it be^ once ^ ABFD : Z : ; KK* KN, or 
b X IK : b X KN : : KI : KN, it will always be fo. 

In this prop, the line CE is indetermined ; and if Q were 
known, the areas of the curves abz and acx might be knowm 
to any diftance CE. 

[Ib. cor. 3.] In Fig. 4, Newt. Let CA =: a, CV = Xf CD 
= X; DF =: y, aa — ir = n. 

IT 4 . 
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Then the force DF being as the fluxion of the area 

•i.~. X 1 

ABFD is — r -3 and the fluent as — ; and correded, the fluent 

IS — area ABFD. Therefore the velocity at 1) 

gaaxx 


\/aa — XX 


1. Suppofe a infinite^ and x = then the area |/ABFD 
becomes =-• And fince at V the orbit IV is perp. to 

CV, therefore IK =: KN, and ABFD =: Z = ~ j that is, 

i and Q 1, and Z = “ J alfo ]/ ABFD =: 

r r f X ^ 

^aa XX ^ ..2. z:: i at any place I ; and fince v'ABFD 
ax ^ 

(x) ' ^ (^) IN = 0 ; 

therefore in this cafe the orbit is a circle, as VXR. 

2. If a be lefs than infinite, and fince at V the orbit is 

perp. to CV as before, therefore IK ^ KN, and -v/ABFD = 

Q , . Q n Q ^ ■ 

— j that IS, = —9 or— —9 andQ = — Whence 

r, ar r ar r a 

Z = Therefore Db 2 ^ ^ _ — — 

ax a ^/ aa XX nn 2a 

aaxx aaxz 

AndDc=- X Db = 

rr — XX 2y^rr — XX 

— _ r — ? and flux, of the area VacD =: — 

2xv/rr— -xx Qx^/rx — xx 


r: fluxion of the fedor VCX, and the FI. : - 

< 

s: fedor VCX; which is as the angle VCX. 


2xv/rr — XX 
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But, putting femi-conjugate =: c, CH =: Z, the hyper- 

bolie feaor VCR i FI. : — and CT = - = x, 

2v/2Z — IT 2 

ri* ^ ^ 

and 2 = —• Then inllead of z and z, putting their values, we 

— rrcx c 

fliall have the hyp. fc(5lor VCR = FI. : j=r= =: rr 

^Jxv^rr — XX R 

X cir. fedlor VCX. Therefore when x = CT, the hyp. 
fe6lor VCR : cir. fedor CVX : : c : n ; that is, becaufe the 
angle VCX is as the fe^lor CVX. the angle VCX is to the 
hyper, fedfor VCR in a given ratio. And fince CT or x con- 
tinually decreafes as the fedor VCR increafes, the body P 
draws continually nearer the centre C. 

3. If the velocity be greater than falling from an infinite 

height, the flux, area ABFD =: “^ 3 and the fluent 
But at firfl: the area (fuppofc) = 5 and x =: a, an infinite 

line; therefore ABFD — 7 = ^ an*! 

ABFD = Therefore v'ABFD is as 

2aaxx 

y/bb a a^ + xx- a^ _ . fubftimtion) 

aaxx aaxx 

But in V, X = r, and v'ABFD zz — j and 

aarr r 


.Q = and Z = ^ ThenDh 

a ^ ax 

~ — s/^ILZT— y X 

2av/ElH5 — ^ 2\/xX — 1 i 

aaxx ‘la** 

(by fubftitution) ^===:=? and Dc =: — X Db zr 



rr 



I06 


A SHORT COMMENT 


or of vex. And the FI. : = feaor VCX, 

oxyxx — ir 

which is as the angle VCX. 

BuL in the elliphs VUS let CH =: z (Fig. 27), femi-con- 
jugate =: c. Then the elliptic lector VCR = FI. : 
* rr rr 

and CT =: Y = ^ and z z: 

2 \/n — 

— i~. Then putting for z and z their values, and the ellip. 
— errx' c 

feaor VCR = FI.: 7==: = -T X cir. feaor VCX; 

2x y/xx IT ^ 

therefore when x z: CT, the ellip. fedlor VCR : cir. fedor 
VCX : : c : A ; that is, becaufe the angle VCX is as the fec- 
toi'VCX, the angle VCX is to the elliptic fedor VCR in a 
given ratio. And fjnee CT or x continually increafes as the 
fe6lor VCR increafes, the body? goes continually farther 
and farther from the centre C, 

[lb. and the centripetal force becoming ccntrifugual] for 
then the curve VPQ will turn upwards ; and, the law of the 
force being the fame, it will be confirudled the lame way by 
the elliptic fedors, taking the point A between C and V. 
And here the velocity will increafe as it recedes from the 
centre C. But it can never revolve round this centre. 
SECTION IX. . 

[Pr. 44, or in antccedentia with a celerity] for then the 
line mnC falls beyond s, sr being zz rk, and sCk z: 2rCk ; 
and conleqiieiitly the point m falls without the circle. 

[lb. and with a lefs force] if the orbit moves llower in, 
antecedmtia than with twice the celerity of CP in confequen- 
tia; for then the point m fails within the circle, between r 
and s. 

The meaning of this prop, is this, ---that the dilference of 
the forces at dilfcrcnt diftances from the centre are recipro- 
cally as the cube.s of the diftances (which forces are requifite 
to make the body move in a quiefeent or revolving orbit, 
and the diftances to be the fame in both). 
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[Ib. cor. 1.] For mn reprefents the difference of the forces 
by which p revolves to n, or P to K, in equal times ; and the 
veiffed fine of RK reprefents the force whereby a body moves 
from R to K in the circle in the fame time. 

[Ib. cor. 2. as half the latus reBumI for thefe forces are as 

nr^ ba^ 

bn or ar to bp or as. But ar = 

: sp* : : al) : 2R ; and asD == ; and 


ab^ X aD 
■ sD X 2R 


Whence ihefc forces are as 
2K aU 


ba‘ 


to -^ 1^5 or as R to aC or CV, in Fig. 2, PI. 18. 

[lb. cor. 3.] For let the force in the immoveable ellipfis 
be — jp — i and in V it will be — ;p— And the force 

by which a body may revolve in a circle at the difiance CV 
FFR 

is — — . And the difference of the forces in V (of icvolv- 
ingin the moveable and immoveable ellipfis) is-^^ 

7. 1. 1 A - GGR^FFR , , 

and in every altitude A is J and the lorce in 

FFA ROO-RFF 
the moveable ellipfis will be -ip f ^ 

[Ib. cor. 4.] After the fame manner as in the t\v'o fore- 
going corollaries ; becaufe when the velocity is given, the 
force a curvature or reciprocally oc radius of curvature ; 


therefore T : R : : 


VFF RVFF 


which is the force where- 


Ti' • T’ 

with a body may revolve in a circle at the diftance CV. And, 

I^VFF RVGG — RVFF 
by cor, 1, FF : GG — FF : : — — * p j 

which is the difference of the forces (in the moveable and im- 
moveable orbits) in the vertex V. And by the pro[>. ~ ^ 
RVGG — RVFF . RVGG — RVFF 


Ti 


which is the dif- 
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ference of forces in every altitude A ; and therefore the force in 
, V RVGG — RVFF 

the moveable trajectory upk wiU be A + 

[Ib. cor. 6.] In this cor. X o, and RVGG — RVFFis com- 
pounded of all given quantities, and the force in Vpk will then 

bea -i. This alfo appears from the prop, for the differ- 
A 

ence of the forces in P and p is as~, but the force in one 

of them, viz. at P, in the line V P, is o ; and therefore the other 

force in Vpk is the difference oftbe forces, and is as Alfo 

this curve is the fame with (Fig.28) that incor.3, pr.41;for let 
•vad be acircle ; and by this cor. 6, < vcp a < vcz a arc va a 
area vca oc area vcb, which is the conllrudion in cor. S, pr. 
41 ; alfo cp = cz or cx, becaufc vz, ax, and bx are tangents, 
which is alfo the fame conftrudtion as in cor. 3, pr. 41. 


[Pr. 45 (Fig. 29), but orbits acquire the fame figure] Let 
the fmall parts of the curve df, fh, hp, &c. be defcribed by a 
body A in indefinitely fmall given parts of time. And let 
another body B go from d in the fame direiftion de, and with 
a velocity which is to, the velocity of the former in die fub- 
duplicate ratio of the centripetal force of B to that of A ; and 
let it arrive at s in the aforelaid fmall given part of time. 
Now fince ef : rs : : force of A : force of B : : velocity* of 
A : vel.* of B : : de"^ : dr* : : fquarc.of the time of B’s moving 
through de : Iquare of the time of B’s moving through dr; 
therefore, by 1cm. 10, the body B will pafs through f. And 
fince rs is every where as rd*, it is evident the lame curve dsf 
will be defcribed by both bodies, and which de, fg touches 
in d, f. Alfo tlie velocity of A in f : vel. of A in d : : as per- 
pendicular from C on de : to -L on fg ; : vel. of B in f : vel. 
of B in d : : And vel. of A in f : velocity of B in f : : vel. A 
ind : vel. of B in d : : de : dr; that is, in a given ratio; 
that is, fg : to fk, and hn to hi, and px to pt are in a given 
ratio ; and therefore when A is arrived at g, B would be at k; 
and fince gh : ki : i gf* : kP : : ed* : rd* : ¥ef ; |8 ; or gh : ef 
; ; ki : rs; that is, the centripetal of A to that of B at equal 
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diftances being in a given ratio, B will pafs through i, and con- 
fequently through h. After the fame manner it may be prov- 
ed that liic body B will pafs through the points m, p, u, 
y, and defcribe the fame curve with the body A. 

Farther ; if another body D move through i9y|| to de, and 
with a velocity which is to the velocity of A as C(3 to Cd, 
and be a6led upon by a force which in the points J z, 8cc. 
is to the force in the points d, f, h, &c. rcfpedfively, as C(i to 
Cd, CJ to Cf, Cz to Ch, 8lc.; then, I fay, the curve defcribed 
by the body D, viz will be fimdar to the curve dfhpy ; ■ 

for in the time that A would arrive at e, D would arrive at y ; 
and becaufe Cy : Ce : : Cj3 : Cd : : force at : lorce at d : : yj : 
ef : : Cy — y5 or CS : Ce — ef or Cf ; and C)3 : : Cd : Cf ; y$ 

is every where as y(i^ in all the points between (i and y (by lem. 
10), it is manifcft the fig. C^J is funilar to the tig. Cdf, and 
the tangent || to fg; and becaufe the areas Cgf : Cfd : : 
Cev : C^/1 ; wherefore when A comes to g, D comes to e ; but 
gh : fz : : Cf : CJ : : Cg : Cf : ; Ch : Cz, as before; and Cf : 
Cfi : : CJ : Cz, whence the fig. CJz is fimilar to Cfh; and 
after the fame manner it will be proved that tlie nafceiit figures 
Cz0, C(J)&j, are fimilar to Chp, Cpy; and therefore the whole 
figure is fimilar to the figure dfhpy. 

Or univerfally, if the orbits and dfp are fimilar, Cfi 

a’ yj a force X time* of deferibing fi$ cc force X 

C&^ 

oc force X (Fig. 30) Therefore velocity* oc 

force X diflance Cfi. Whence if CjS be given, velocity oc 
. v' force; and if velocity a Cfi, force <x Cfi alfo, which 
agrees with what went before. If the force be given, yelo- 

1 

locity o: Cfi- If velocity be given, force a 

T* — 3TTX + 3TX* — X» . 
[Ib. exam. 1, 1. 3.] here ~A^ 

twice repeated i^he Englifli, which is wrong. 

[Ib. By thlsHWlation of the terms] for fince the fame 
figure will be defcribed by making the centripetal force pro- 
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portional at equal diftances (altering the velocity in the fub- 
duplicate ratio of the force) ; and fince, when R is nearly =z 
T, and x very fmall, the centripetal force in the revolving 
ellipfis will be as RGG — FFx, and in this orbit (becaufe in 
both the denominator is the fame) is as P — 3.TTx, there 7 
fore thefe forces ought to be proportional at all diftances, viz. 
when X =: 0, and any other indeterminate diftance A or T — • 
x; wherefore (in thefe two cafes) RGG : "P : : RGG — FFx 
: 3T1"x : ; (and by divifion) FFx : 3lTx : : FF : STT, which 

is the conftriaftion of the problem. After the fame manner, in 
examples, the centripetal force in the revolving ellipfis, and 
this new orbit, will be asRGG — FFx, and T" — n T" — *x, and 
to have the orbits fimilar, putting x =: o, RGG : T" : : (putting 
T — x for any indeterminate diftance) RGG — FFx : T® — n 
T* ‘x : : (by divifion) FFx : nT" *x : : FF : nT*" *. 
After the lame manner, in example 3, it will be RGG : bT"* 
+ cT\ : : (RGG — FFx : ‘bT>® + c^ — mbT“— *x — 
ncT«— *x) : : FFx ; mbT*"*- *x + ncT*— *x. Or GG : 
bT™ * -f cT" ‘ ; : FF : mbT“ — ‘ + ncT" *. The quan- 
. FF RGG — RFF . 

tfty (m cor. 2, pr. 44) is univerfally 

as the centripetal force, whether the apfidcs move backwards 
or forwards ; for G : F : : VCp : VCP : : (p. 1 IQ) pCn ; pCk. 
And the force in the revolving ellipfis is greater than 
in the immoveable one, when n (Fig. 2) is without the 
line ks; and in that cafe (F is Icfs than G, and) 
RGG— RFF , 

+ will be affirmative. But the force is lefs 

when n falls between k and s, for then (Fis greater than G, 
RGG — RFF. 

and^ IS negative, as it ought to be, 

SECTION X. 

[Pr. 50, it is evident from the conftrudlion] Since VP 
touches the curve in P, and PB is 1 thereto, therefore 
Bis the point of contaa of the circle AP,^ and the wheel 
or generating circle, and therefore BV Alfo fince 

WT is 1 to TV, therefore V is ihe^int of conta<ft 
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of the generating circle (whofe diameter is VW) and OS; 
whence VW = OR. The figures are fimilaivbecaufe their 
axes^re as the radii of the fpheres. 

[Pr. 52, hence fince in unequal — ] fuppofe TR to be 
a fmaller ofcillation, to find the velocity in I; take st : SR ; : 
TI :TR; then velocity at R in the arc TR : velocity at R in 
SR : : TR : SR; and velocity at I in TR : velocity at R in 
TR : : (prop. 51) velocity at t in SR : velocity at R in SR : : 
y/ SR‘ — iR* : SR. And, ex equo, velocity at I in TR : 


velocity at R in SR 


TR / SIP — tR^ : SR^ : : 



v/SiP -- tR* : SR : : (becaufe SR : TR : : tR : ]R as) 
^TR~1JP : SR. 

[lb. There are obtained from the limes given] for in two 
unequal arcs two correfponding parts are deferibed in equal 
times (by prop. 51); therefore the velocities in thefe points 
will be as the entire arcs; and therefore both the velocities 
and arcs will be known. 

[lb. And if the abfolute force of any globe] that is, the 
force at a given difiance be called V, then the force at the 
difiance CO is CO x V. But in a given time HY is as the 
force; whence CO X V is as HY, and therefore HY is de- 
feribed in a given time. 

[lb: cor. J. For this time] for then AR = AC, and 
V is given : therefor|, this time : time of j ofcillation : : 


A ’ AC 


AC AC 


rib. cor 2. But in that cal'e] for (in Fig. 2, PI. If)), by cor. 
,1, 2, prop. 49, AS : Bv : : PS ; PV : : 2CE : CB (in this 
cafe as) ; ; 2 : I : : (and by divifion) AP : BV — PV ; 
whence AP = 2BV — 2PV ; but verfed fine of {-PB = 

W - .n., for cofine = iPV ; and |VB - |VP = verfed 
2 


fine. 

[Ib. as M. Huygens] all this is demonfirated in Keifs Phi- 
lofophy. See ]p large book of Mechanics, prop. 40, 
cor. 4. 
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[Pr. 56, let the projedion] T is projeded into P, and t 
intop. 

[lb. as alfo its pobtion] The greater axis 2Tt is perpends 
cular to PO. 

[Ib. and fince the area POp] for let (Fig. SI) — - gp -^ 

=: sp, which is given (sp being X to PO) ; and PB* : Pr^ : : 
PB^ — SP^ : PS^ ; whence Ps is given, and thence SO, the 
angle POp, Op, and Pp, the point |), and angle OPp. 
SECTION XL 

[Pr. 57, and about each other] eonlidcring cither body 
as at reli. 

[Pr. 58, by the hime forces there may be deferibed, &c.] 
that is, by making tb.c velocity to the former velocity as 

(y/sp to v/CP, that is, a'^) v^P -1- S to as appears by 
the plop. 

[Pr. Go, in a ratio fcfqiiiplicate] it fliould be fubfefquipli- 
catc. 

[lb. of the other dlinfjs,] As S|- : S -|- PJ-. Let Sj : a : e : 
S + P| be ■^. Then SJ- : : : (S : : :) e' : S TT 

But (fince S + P : e^ : : a^ : s) c' is the firfl of iwo^ mean 
proportionals between S + P and S. 

[Pr. Gl.] X'ole, if a body were placed in the centre of gra- 
vity, and whofe force would be fuliicient to caufe one ol‘the 
bodies to levolve around it, and to describe the lame figure, 
yet it would not caufe the other body (if it were unequal) 
to dcferibc its figure, cxi-ept in that law of centripetal force 
which is as the diftance, where the periodic times are all 
equal. For, to preferve the fame motion as beiore, either 
body mull be attraded to the body in the centre of gravity 
with a force w Inch is as the other body, or as its own diftance, 
which is the cafe ol one body attnufting another, and holds 
only (in the cafe of their being attiacted by a third body in 
the centre ol gravity) in the law of centripetal force before- 
mentioned. And therefore in 

[Pr. G2.J Ihc Ibicgoing note is to be obl^rvcd. 
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[Prop. 64. This would be the cafe] For this only caufes 
the bodies L, to revolve more fwiftly round their centre of 
gravity D, but aifeds not the other bodies. 

[lb. with equal periodical times.] By the foregoing (in {lie 
three bodies S, T, L) the body S defcribes an cllipfis round 
C ; and, by confidcring the c^Jiitre of gravity of S, T, as de- 
fcribing an ellipfis (as before of T, L), it will appear the fame 
way that the body Ldefciibes an ellipfis round C; and as 
the centre of gravity of S, L, defcribes an ellipfis, fo T de- 
fcribes an ellipfis alfo round C. Farther ; from what went be- 
fore, the centripetal force of S towards C is as T -|- L x 
SC + CD, or T + L + S X SC. Alfo the centripetal 
force of T towards D is as L x TD -f DL + S x TD 
(which latter part arifes from the refolution of the force ST 
into SD, DT, and DT a6ls towards D), or as T + L + S 
X TD. Now, by cor. 2, 8, prop. 4, the periodic times 
arc in the fubduplicalc ratio of the radii directly, and the fub- 
duplicatc ratio of the forces inverfely; therefore the pe- 
riodic time of S round C : periodic time of T round D : : 
./ SC . ,/ TD . , 

SC X 1 + L + S TD X T + L + S 
therefore equal ; fo that after one revolution the bodies all re- 
turn to their firft places. 

After the fame manner the point C, and a fourth body V, 
as alfo the bodies S, T, L, will deferibe ellipfes round their 
common centre of gravity B, for any one, and the centre of 
gravity of the other three will deferibe ellipfes ; and the cafe 
is tlie fame if there were more bodies. Alfo, as before, and 
by a like refolution of forces, fince the forces VS, VT, VL, 
are refolved into VC, CS; VC, CT; VC, CL; the former 
a61ing in the diredion of CV tow^ards V, the latter to C, their 
centre of gravity, and are as the diflances of the bodies there- 
from, as before, they will therefore ftill move round their 
centre of gravity C as before, but fwifter, although all the 
four revolve round B, Alfo periodic time of V round B : pe- 
VoL. llf, I 



J14 A SHOKT COMMENT 

riodic time of S round C: : s/- 
SC 


BV 



S + T + L X CB 4- BV • 
: : (that is, as) 
SC 


-f L -f S + V X BV T + L + S + V X SC 5 
and arc tlicretorc equal ; and ii more bodies were added, all 
the bodies would perlorm their i evolutions in e([ual pei iodic 
times. Q.E.D. 

[Prop. Od, cor 2. Such is the force INM.j dins force al- 
ways adts 'from P in a dirc6lioii parallel to TS, and lioin M 
towards T. 

[lb. cor. 6, the periodic time will be increafed,] for then 
r id - 

the periodic time is oc which is a greater ratio than 

^ A/lorce 

rad. I, becaufethc force is diminilhed. 

n^ 

[Ib. cor. 7, the upper apfis to go backwards] for — — 3 
iP 

> — 2, And — > 1 ; therefore n is > than m. Alfo 
m'' 

put D = diftance (r = a given quantity), and the force is 

/J[)3 J.3 I 

{ — r :; — -3 or rather) as !>'• + and when the diftance in- 

' 1)- D 

creafes, the decreafe of the force is which is lefs 


than D* -f which is the dccreafc according to the du- 
plicate ratio. Alfo at the conjundtion, &c. the force ofP 
towards T is the centripetal force of T. 4* LM — TM, or 
the centripetal force of T — KL. Alfo the decreafe ol the 

1 d^ 

force is as d* -j which is greater than d^ — 
d « 

n^ 

rreafe according to the duplicate ratio. And ^ — 3 < — 
2 ; and n < m. 
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[Ib. cor. 7. The truth of this] for then, the farther P re- 
cedes from T, the more it is attraded towards the bodies 
S, S, and therefore lefs towards T than it would otherw'ife 
be. 

[Ib. cor. 8 , when the apfides are in the fyzygies] for then 
NM is greater and LM lefs than before. 

[Ib. cor. 9. Now therefore — ] For the ratio of KL to LM 
is lead when the apfides are in the quadratures, and greatefl 
in the fyzygies, 

[Ib. For the forces LM] as is (hewn in cor. 7- 

[Ib. cor. 10, from the fyzygies to the quadratures] for after 
the fyzygies, the body P, by the adion of S, is made to 
move in lines which fucceflively cut the plane TPS at greater 
and greater angles. And for the fame rcafon, at the QO® 
from the odlants (between C and A), the body is drawn into 
lines (or little planes) which cut TPS at greater and greater 
angles, which before 90° cut it fit lefs and lefs. 

[Ib. and by a like reafoning] for the inclination is increafed 
from u to D (Fig. 32), dirniniflicdfrom D to S, increafed from 
Sto C, diminiflied from C to u; as is plain by fuppofing T 
and any point p, wherein the body is, to be joined ; and the 
plane f/Tt to revolve round pT, till it pafs through the new 
place of the body p (which it acquires either above or below 
the plane pTt) by the (a6lion of S upon it, or the) force NM ; 
and then it will appear how that new acquired plane cuts the 
plane SCT, whether in a greater or lefier angle. 

[Ib. cor. J 1 — from the former plane CD] Since the in- 
clination of the orbit is diminiflied from C to A, the inter- 
fedion with TSE will move from C to B, and from D to A ; 
and feeing that inclination is increafed from A to D, the inter- 
fedtion (or nodes) will ftill move towards B and towards A. 

[Ib. being alw'ays either retrograde] that is, confidering 
a whole revolution ; for in fome points they go forward. 

[Ib. cor. 13. And fince the caufes and proportions] to one 
another, and to the force of S, &c. 

[Ib. cor. 14. But fince the forces] For SK : LM : : 
accelerating force of T towards S : perturbating force 
of S. And therefore the perturbating force of S 

I 2 
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LM X accelerating force of T towards ButfinceSK"^ 

SK 

ST nearly, and LM (in its mean quantity) = PT, and the ac- 
celerating force of T towards S is as the body S diredly, and 
ST^ reciprocally, therefore the pcrturbatingforcesLM, NM, oc 


PT X body S 


3 that is, a 


PT X- bodies 


SP ^ ^ periodic lime of T round S 

Or oc PT X dcnfity of S X cub. apparent diameter of S (for 
the apparent diameter is as the real diameter dircdly, and the 
diftance reciprocally). 

[Ib. cor. l6, f(|uare of the periodicnl time of the body P 
conjundly.] This holds as true in the lynodic time of the 
body P (fince the action of the forces that caufe tliefe errors 
begin and end at the c|uadraLuies, which comes to the fame 
as if they begun and ended at the lyzygics) : fee what fol- 
lows. 

[Ib. and hence the angular errors] thefe in one revolution 
are as the linear errors directly, and the radius or diilaiice re- 
ciprocally; that is, as the forces and fquare oi ihc time of re- 
volution of P directly, and the diflaucc TP reciprocally; that is 
(bccaufc the force a TP), as fquare of tlic iiine of revolution. 

[Ib. Let thefe ratios] The angular errors of P ob- 

forccs X time^ i . „ 

- j that IS (by cor. 14), as 


TP 

that is, in the time of one revo- 
^ time of P’s revolution 


ferved from T are as 

PT X body S X time’^ 

PT X cu 'L;, periodic time^ 

iution of P (and if S be given), as—-- — 7. m - 

^ periodic time of T 

[Ib. both thefe motions will be as the peiiodical time of the 

body P diredly,] for the angular motion or velocity, or the 

mean angular errors, arc as the fum of all the angular errors 

in any time diredly, and the timd^eciprocally ; that is (in 

the periodic time), as 

body S X t=i time of P’s revolution . , . 

: 7 i : ^ p ; that IS, aS 

time ot Ps revolution X ^ peiiodic time or 1 
.body S X time of P’s revolution diredly, and the fquare of 
the periodic time ofT reciprocally. 

[Cor. 20. And thence tiie grealefl height of the water, 
This is explained by Worller in his (Experimental) Philo- 
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fophy, page 72. Alfo fee my Geography, prop. 12, 

fed. 1 • 

SECTION XII. 


[Prop. 79. As the lineola Dd,] when the radius of the 
fphere is given ; and when the radius is not given, as Dd and 
the radius conjundly; therefore AS, and alfo PS or PE, may 
be of any magnitude. 

[Ib. the fum of all the reclangles PD X Dd] that is, as 


PF + 


n77 

X DF, or 


+ PD 


xPF — PDj or 


PF^~PD^ 


2 


[Prop. 80. The whole force of the fphere will be as the 
whole area AND.] Alfo it is manifefl that the attradion or 
force of any part of the fphere FEB is as the correfpondent 
part of the area DNB. 

[Pr. 81, ex. 1.] The area SL into AB := SL x AB, he- 
caufc both SL and AB arc given. And the area LD into AB 
is a trapezoid, whole bale is AB, and the two parallel fides 
LA and LB; for as the point D removes nearer A, the ordi- 
nate LD decreafes (from B, where it is LB) to A (where it is 


, , . LA + LB LA + LB 

LA) ; and that area is X AB, or^ X 

— ^ , . LB^— LAS . 2LA + AB 

LB — LA, that is, - — ^ or it is X AB, 


that is, LS x AB. 


And the ordinate 


ALB 

LD 


is the ordinate of 


an hyperbola between the afymptotes whofe centre is L, aigf 
one afymptote LB ; for ALB is a given redangle, and the 

ALB 

nature of the hyperbola is that — ^ (LD the part of the 

afymptote being taken as the axis) is as the ordinate ereded 
on D : whence the reafaijpf the conftrudion will be evident . 
for aABb is the aforefai^rapezoid, by conftrudion ; alfo in 
the hyperbola ab the redangle LB x Bb is given, but that 
(by conftrudion) is = the redangle ALB, when the hyper- 

ALB 

bolic area aABb is that deferibed by the ordirjate-jjj-» Mi 
I 3 


I 
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the difference of that and the trapezoid (which is the dif* 
ference of the two firft areas) is the area aba required. 

[Ib. Ex. 2, the third fhis is eafily calculated 

hy fluxions. LD is a flowing quantity ; the fluxion of the area is 
ALB X SI • 

X LD — ^ X LD ; and the whole area is 

ALB X SI ^ ^ . ALB X SI , , 

— — X LD , that IS, - j or (when LD 

T T»\ ALB X SI i*ii ■iTT^.T* 

^ LB) - the area (when LD LA, 

. ^ ALB X SI 1 1 ^ , 

VIZ.) ' difference is the area fought, 

ALB X SI ALB x SI 


2LA 


2LB 


[Ib. Ex. 3.] The fluxion of the firfl area is 


SP X SL 

v/^I 


X LD — 2 X LD, and the whole area is ^ 

^ — v/2SI 

2SP X SL , ,, . . . 

or ==: :=.> and that part of the area on AB ift 

— v/2Si X y/LB ^ 


2SP X SL 


1 


^2SI VLA 

sr 


V'LB 


The fluxion of the fecond 
SP 


area is 


X LD I X LD; and the whole area 

2v^2lSI v/aSI 

SP — 

W LD j ; and the nrea on AB is -"p=^ x v LB — v^LA» 

V 2SI 
sr^ y A T R 

Alfo the fluxion of the third area is X LD 4 

2v/2SI' • 

• SP X Mn'P 

It LD; and the whole area x LD — -J ; and th^ 

— 3v/2Sl 

SP X ALB i r“ 

area on AB is — ^ — jrrr:^ x 


^v/^2SI -/LA^ v'LB^ 

[lb. And tbofe after due reduction] LA, LI, LB, are -Sf ; for 

cT> DT SA^ cT TT SA- — SP . , 

SP = -sT* ^*1 = ^ = —m-"* 
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C Az I Qli 

U = PS-AS-LT = 5^4^- SA. And LB r: 


+ SA. But 


2Sl 
SA" + SP 


SA : 


SA^ ~ SP 


2S1 * 2Si 

+ SA^ are -vr, as will appear by multiplying them. 


SA" 4- SP 
^2Si 

SA^ + sr 
' SI ' 

Hence \/LB — \/LA — \/2SI. For Lli x LA ~ 2 SI 
=: 2LS 2 SI zz LB + LA — 2 SI. And LB + LA — 
‘2 -/LB X LA = 2 SI. And (by evolution) \/LB — -/LA 

z; / 2 SI. Therefore the firft area ^ 

V / 2ol 

v/ LB— ✓LAs 2SP X SL ■ . . . 

• — ===== I =: =-= • And the lecond area =: 

^LB X LA LI 

BP. And -/LB* 


^/LA’ (= LB + LA X v' LB— ^LA 
+ -v/LB X VALB — -/AL x v'ALB = 2LS x V2SI 
+ ✓ALB X ✓SSI = 2L5 + LI X = 3H + 2St 

X ✓ 2 SI. Whence the tliird area — ^ ^LB 


✓ LB’ — ✓LA-_ SI * X 301 + '2SL _ ^ ^SP 

^ ✓ALB- " 3^ALB=:,‘)LI ■'■ 3 LI* 

[Pr. 83, let us luppofe] it fliould be, let that fuperficics be 
not a purely, &c, as it is in the original. 

SECTION XI 11. 

[Pr. 90 , cor. 1, 2] for the fluxion of the area is as D *“"1)^ 

IP-n 1 


and the area as 


'3 or as 


JJa-l , 


and the area ALIH 


1 


^PAn- 


•ppin-l 


PF"i 

[Pr. 91 , cor. 1. And the other part J for the fluxion of 


PF 

that area is =: X 


PR- 
PF 

/RF" + PE* 


X PF = 


HF* — P F* ^ X PF X PF. And the area = RF* + PF*^ 
PR. And (the area on PB is PE — AD ; and on PA^ 
PB — AD, And their difference) PE — PD is the area 
on AB. 


I 4 
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[Pr. 91, cor. 2 ] This is calculated in the -Appendix, by 
the help of* the quadratures of curves, which fee in Harris’s 
Lex., vol. 2. 

And the curve KRM is a conic fc6fion; for the indctei' 
mined quantities rife only to two dimenfions. Let SA zi r, 
SC = c, BE = u, PB = b, ER^ = = PE^ + EfP = 

CC 2CC 

b— u* + — - X 2ru — uu=z bb +-J-— 2b x u + 


rr 

[Sch. Pr. 93, and I fiippofe the force proportional.] For 
(Fig. 33) confider A, B, as flowing quantities, and let A be 

m 

given =: o. Now fince AV = B; therefore when A be- 
comes A-|-A = A + o, B becomes B + B, and then B -f 


^ — A + on 


A7 + - 


oA 


m — n 

n + 


nP — m n 
2iP 


opA 


m — ' ■ m 

;; -P 8cc. Now if any quantity A -f *oT (where o 
is infinitely fmall) be involved, the firli, fecond, third, &c. 

m 

term will be refpe(^iv(?ly as the flowing quantity (AiT), the 
firfl, fecond, 8cc. fluxion of that quantity, as is demonflrated 
in the quadrature of curves, fch. to pr. 1 1 (for which fee 
in^ — m n ni — 2n 

Harris’s Lexicon). Therefore — — ooA ' — ;; — is as the 


fecond fluxion of AT. Now if a (centrifugal) force a61: from 
the line CD in the diret^lion B, and a body move in the 
curve CZ, the fluxion of A will continue the fame always, 
and the force acting upon the body will be every wJSjere as 

A 

the fecond fluxion of B, or of An (its equal), and there- 
fore as — 


2n^ 


mn — 2n 

ooA IT” , or (becaufe o is given) as 


iji' — mn 

n‘2 

IT) — 2n 


-2n m^- 

3 or as 


-mn — 2n 

1 B m • 


Or 


-m 


n‘ 


B nx is as the centripetal force. This may be more ealily 
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fhewn by fluxions only, by finding the fecond fluxion of (B or) 

m 

A n • 

SECTION XIV. 

[Pr. 94, equal to the fquare of IIM] (Fig. 34) for imagine 
a diameter drawn through H (Fig. 35), and an ordinate to 
it through I, the abfeiffa will be r: Ml, and the ordinate 
MH. Alfo, completing the figure, the tangent IP cuts from 
the diameter Ha, Hp rz IIu = MI; therefore the triangles 
HLP, M LI, are equal and fimilar, and IlL LM. And 
the latu& redum to Ha is always the fame, whatever the an- 
gle of incidence be, if the velocity be given ; for the line Hd 
that the body vyill deferibe in a given time is given; and the 
line dg that the body approaches the plane in a given time is 
IhP zg^ 

given; and therefore -jj^, or or the latus redum, is 
given. 

[Pr. 96 , fch. of the fecants] of the angles between the line 
of ineidence and the [)Iane. 

[Pr. 97, cor. 2 ] The curve lines CP, CQ (being every 
where perpendicular to AP, DK), arc compofed of arcs of 
circles; therefore PI) is the increment of AP or AC, and 
QD the decrement of QK or CK ; and therefore thefe incre- 
ments are as the lines of incidence and emergenee. And, c 
contra, if PD, QD, are as the lines of incidence and emer- 
gence, a body moving in the line PH ihall emerge in the line 
QDK, by this prop. 

[Pr. 98, and therefore QS to be always equal to CE ;] (Fig. 
S6). For lirice qqqq and ssss are always perpendicular to qs, 

. therefore fuppofing QS and Iqs to interfedt in K, then KQ 
Iq — KS, that is, qs Jq.s. Alfo let Iq.K 
and 2q.s interfe(^l: in T ; then Iq.s zr iq.T — ST = 2T — sT 
= 2q.s. Alfo 2q.s =: 2q.V — SV n 3q.V — SV z: 3q.S; 
and fo on, till at laft qs, coinciding with CE, will be equal 
thereto. Therefore QS is every where equal to CE. 

[lb. fch.] See the Author’s Optics, wliere all tlicfe things 
are (hewn. 
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BOOK II. 

SECTION I. 

[Pr. 2 , cor. For if that area] by Marq. Ilofpital’s Conic 
Sed., art. 219 ; and my Conic Sed.^ prop, 86, hyperbola, 
cor. 6. 

[Ib. of the right line AC] by the converfc of lem. I ; but 
the contrary does not hold, that is, if any areaABGD be 
taken for the time, that DC ftiall reprefent the velocity, or 
AD the fpace. 

[Pr. d. And the rcfiftance] The force of gravity may be 
compared with the rcfillance of the medium ; for they may 
both be conhdered as uniform preffure. 

[lb. or AC to ^AK] For fuppofe a tangent to be drawn to 
the point B, then Kq : (fubtangent =) AC : : kq : Bk or AK. 
And in general in any area, as MstN, it will be, AC : jMN 

Ms 4- Nt 

+ NC : : (by the nature of the hyperbola) : ABor 

Ms -4- Nt 

Mm. And by divifioii AC : AM + iMN : : : 

. . area sMNt : area smnt. But AG : AM + 

,|MN : : force of gravity : refi (lance in the middle of the 
fourtlji time. Therefore sMNt : smnt : : force of gravity : re- 
finance in the midft of the fourth time, and fo of the reft. 

And the like demonftration holds (Fig. 37) in afeending 
motion; for let the redangle ABDG be divided into innu- 
merable redangles Dk, KI, Lm, Mn, &c. which (hall be as 
the decrements of the velocities produced in fo many equal 
times; then will AE, Ak, Al, Am, &c. be as the whole velo- - 
cities, and therefore as the refiftances of the mediuin^|||the 
beginning of each of the equal times. Let AC : AK : : 
force of gravity : refiftance in the beginning of the fecond 
time ; then to the force of gravity add the refiftances, and 
t)EHC, KkllC, LIHC, MmHC, &c. will be as the abfolute 
forces, or <x decrements of the velocities, a Dk, Kl, Lm, Mn, 
&c. and therefore whence DGqK KqrL r: LrsM =: 
MstN, &c. will be a the equal times or forces. But AC : 
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MC : : Ms : AB. And by divifion AC : AM : : Ms : ms : : 
area sMNt : area smnt : : (and therefore as) force of gravity 
: refiflance in the fourth time; and fo of the other areas. 
Therefore fince DGqK, KqrL, LrsxM, MstN, are a the gra- 
vitating forces, the areas GEkq, qklr, rims, insnt, a refift- 
ances in each time, oc velocities a fpaces deferibed. And, 
by compolition, ill the times DGrL, DGBA, the fpaccs de- 
feribed will be as G Elr, GEB. Q.E.D. 

[lb. cor. 3.] For the diff. fpaccs oc velocities (that is, by 
cor. 2) oc CA, CK, CL (-^), or cc AK, KL, LM (-H-), by 
lem. 1 (Fig. 3). 

[lb. let that alfo be diftinguiflied] This is true in tliis law 
of refiftance; becaiife the motion loft is a velocity oc 
remaining velocity a fpaces deferibed. 

[Pr. 4, which is the locus of the point r. Q.E.D.] all the 
reft is plain by prop. 2 and 3, and cor. pr. 2. 

Ib. cor. 1, that is, if the parallelogram] For DA ; CP : : 

DR X CP 

DR : RX = . But DAB = DC — AC x AB 

JJA 


=: (by the nature of the hyperbola) AB — AQ x DC =: 
QB X DC =: (by conftrudion) N X CP. And DA = 


N X CP 


Wherefore RX = 


DR X CP X AB 


AB ^‘-”~NxCP 

(lb. cor. 4, DraF is alfo given.] by this prop. 

hit. rc(ft. 

[lb. cor. C.] for then <ZJ)T «7;niilinrcc 


.DK X AB 

N • 

lal. 


velocity 


velocity*- . 

— ; — OC velocity, 
velocity 

Ffn 

• fib. cor. 7, the ratio TypJ for when this ratio is the 




lame with the other, the curves deferibed (and fuppofed to bg 
deferibed) in thefe two cafes will be limilar. 


SECTION II. 

Pr. 5 had been better exprclfcd thus (though the tranfla-i^ . 
tion agrees with the original). 

If a body is refijied in the duplicate ratio of its velocity, and 
moves by its innate force only through a fimilar medium. 
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and the [paces be taken equals I fay, that the times of their 
defcription are in a geometrical progrejjfion increa/ing ; and 
that the velocities at the beginning of each of the times are 
in the fame geometrical progreffion (decreafing or) inverfely. 
For it is plain tliat the times may be taken in fnch a geo^ 
metrical progrefiTion «ns that the fpaces cannot he equal, 
nor the velocities in the fame inverfe progreffion. But if the 
fpaces are equal, the limes and velocities will be in a geome- 
trical progreffion, inverfe to one another. The demonftra- 
tion is the fame, however the })ropofition be exprclfcd ; for 
it being proved that the lines AB, Kk, LI, &c. being fquared, 
the fquares are as the differences of the lines; and alfo that 
the fquares of the velocities are as the differences of the velo- 
cities. Therefore if AB and Kk be taken as the velocities in 
the beginning of the times AK, KL, and an hyperbola be 
drawn through the points B, k, to the afymptote CD (whofc 
centre let be C), all the other velocities will be as the lines LI, 
Mm, &c, bccaufe the progreffion, of the lines as well as the 
velocities continues the fame all along. Whence the fpaces 
(in thefe equal times) will be as the areas Ak, Kl, Lm, &c. 
and in the time AM the fpace will be as AMinB. Now con- 
ceive the area AMmB to be divided into the equal areas 
Ak, Kl, Lm, &c. Then will CA, CK, CL, &c. be ^ increaf- 
ing ; and the parts (by lem. 1) AK, KL, LM, &c. which are 
as the times, will be in the fame progreffion, increafing. Alfo 
the velocities AB, Kk, LI, &c. (which are reciprocally as CA, 
CK, CL, &c.) will be in the fame progreffion inveriely. 
Q.E.D, 

[Pr. 7, Rnd times conjun61;ly] very fmall particles of time. 
[Ib. they will always deferibe fpaces,] for the parts of fpace * 
deferibed in thofe leveral particles of time are as the^telpec- 
tive velocities x thofe feveral parts of time ; that is, as the 
firff velocity x each part of time. And, by compofition, 
the whole fpaces are as the firff velocities x whole times. 
Q.E.D. 

[Pr. 7, cor. 3.] dele, Let thofe diameters applied to that 
power. 
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[Pr. 8.] in Fig. 1, PI. 2, k ought to be beyond 1 in refpeca 
of A, &c. becaufe the refiftance decreafes. But the demon- 
ftration is the fame any way. But this figure is not in the 
111 or 2d edit, of the original. In prop. 8 and Q, AC reprefents 
tlie relative gravity, or its weight in the fluid. 

[Pr. 9, cor. 7.] For the greateft velocity is given (by pr. 8, 
cor. % 3). And thence the time of acquiring that velocity 
in free fpace. And ABNK (ABnk) being given, there is given 
AK, and AP (Ap), and ATD (AtD). Then ADC : ADT 
(ADt) : : time of acquiring that greateft velocity in free fpace 
; time fought. 

[Pr. 10, equal among themfelves] and very fmall. 

MI X Nil 

[lb. or — Tj-T — J as appears by fimilar As, produced by 


letting fall a _L from N on HI. 

If the velocity in GH be greater than the velocity in HI, 
G H HI 

the decrement is and arifes from the refiftance 

and gravity together (becaufe gravity draws the body from 


the tangent into the arc HI); and if gravity a6l not, that 
decrement would be greater (for gravity accelerates the rno- 

•qMIxNI ^ , 

tion) by — i therefore the decrement by the refift- 


, . GH HI 2MI X Nl 

anc’c alone is - 7 ^ + rrr . 

T t t X NI 

[Ib. will be NI ; ] for Q being a given (ratio or) quantity, 
Qo will always reprefent MN, whatever the magnitude of o 
be. 


And the ordinate DI zz CH — MI ; alfo the value of 
MI in the ordinate EK is (becaufe o becomes 2.o, and fub- 
ftituting 2 X 0 for 0 ) 2 Q 0 + 4 R 0 * + 8Ro^ + See.; and 
therefore EK = CH — 2 Q 0 — 4 R 0 " — sSo' — &c. Alfo 
in the ordinate BG, when o becomes — 0 , the value of MI 
(by fubftituting — 0 for o) will be — Qo + Ro^ — So^ + 
&c. And BG CH — MI (as before) = P + Qo Ro‘ 
d- So' — &c. ^ 
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rTi- R + fSo-, , 

1.1b. or g J for (becaufe o is infinitely fmall) R, 

B -h |So, R 4. sSoj are both arithmetical and geometrical 
proportionals, 

3S0 

[Ib. by fubftiluting the values — ] becomes 1 + -rr x 


2li 

QRoo 


y— — — T-rr - - - 

o y/l+QQ-^ ^ - 0^1 + QQ- 

4- — j -lL-— ^ = (ncgleding the fupeifluoui 

01/1 4-QQ4 V ^ ^ 1 

V^i + QQ 

powers of o, or the c|iiantilics infinitely lefs than the oliier) o 

QUoo og„i 

+ -rrr- v/ 1 + — o v/ 1 + QQ 


4/1 + QQ- 
QRo* 


V^l+QQ 2R 

eQlfoo .sSoo 

"I ^ — "TTTT 1 -f" QQ» 


v/i + QQ v^i+QQ 

HN’-i HI* 

[Ib. latus recium ' j;rp J or = (ncgledling the fuper- 

. r X <’0 X ' + QQ > + QQ 

fluous powers ot o) — • 

[Ib. p. Hi), that a body by afcencling from P] or any other 
point of the quadrant PF^ in the diredtion of the arc of that 
quadrant. 

, . m bb , hb 

[Ib. Ex, fl, the fecond term — 0 0 J or rather — 

n aa iia 


IJI 

® IT ^ ~ fquare is the fame cither way. 

rri ^ ^ r»bb d 

[Ib. Lx. 4^ for Qo] o ^ ^ 

[Ib. Sell. And therefore if a curve] for the quantity n 
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[Ib. than thefe hyperbolas here defcribed.] For let the two 
mediums be of the fame denfity ia the vertex of the curves ; 
then if the bodies be projected from A, the uniform medium 
being more denfe^ and the other lefs denfe at A, the body 
moving in the uniform medium will be more impeded, and 
confequently will defcend the more than that defcribing 
the hyperbola, which is lefs refilled, and which therefore 
moves nearer a llraight line : therefore the body moving in 
the uniform medium is more dillant from the afymptotes in 
the vertex of the figure than the other body. But if the den- 
fities of the mediums were fuppofed equal in A, then (by the 
fame way of reafoning) the body in the uniform medium 
would be nearer the afymptotes in the vertex. And, ge- 
nerally fpcaking, thefe curves cannot therefore differ very 
far. 

[Ib. will touch the hyperbola in G,] for fuppofe the tan- 
gent TG to interfe6l MX. Then (by fluxions) the diftance 


between that point of interfedion and V is =: 


VX 

n 


• Then by 


fim. As — ; VG ; ; VX : TX — VG = nVG. But VY 
n 


= nVG. Therefore TX = GY. 

[Ib. and the velocity] for the velocity (when the gravity i» 
given) is as the ordinate of the parabola, that is (the abfcilla 

being given, by the gravity), as the flatus redum. 

[lb. Rule 1.] For the velocities are as the V's of the latus 

redum of two parabolas, that is, as > that is, 

* nn + n x VG 


which (by fuppofition) 


are in a ratio 


of equality, and therefore 


AH _ Ah 

aT IT* 


Alfo fince the den- 


fities are equal, ? will be given, that is. Hi? =' Hi-?# 
‘ 3^Y ^ 3AH 3A1i 

Whence AH = Ah. Whence AH, AI, remain the fame ; 
and HX, which H compofed of AI and the fubtangent to the 
axis XH, is the fame alfo. 
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[Rule 2.] For velocity a a (becaufe AH is giveu) 



[Rule S, and therefore AH] for let b be the ratio, then 
AH 


Ah , AH 
M = ^M 


And 


Ai 


Ah^ , AH 

— ~b-n' X Ah. Whence 
Ai Al 


AH . Ah AH , AH .. 

Ah = -r—9 alfo, = rr* = ^ X“Tr* Whence Aii= 
b Al bAi Ai 

AI 

bb* 


[Rule 4, a little greater] fince AH dccreafcs fafter than 
GT, therefore the fimi of all or every AH + GT is leller 
than the firli; AH -f GT x iii^Wr of them; and therefore 
the fuin of all the dcnlities (being reciprocal tliereto) is 
greater than the luiii of as many dcn^Aics in A and G. But 
the mean deidUy is ir fum of all the denfities ~ by the num- 
ber of them, and therefore is fomething greater than the 
I fum of the denfiticb in A and G. But half fum denfuics : 

denfity in A : : • GT. Therefore mean den fity : 


dcnfity in A : : is in a ratio a little greater than i x AH + GT 
: GT. 

[Ib. Rule 5.] for HX rz AI + fubtangent =: AI + nAI, 
XN being the axis. 

[lb. Rule (), by how much] for the variation of curvature 
in one of thefe hyperbolas, where n is great, .s Icaft in the 
part AG, and fo it is in the curve of projection, wliere the 
velocity is greatefi; fo they agree in that part. But they 
differ more in the part GK, where the projeClile approaches 
to a uniform motion. 

[lb. Rule 7.] All to gAI ought to be 3AII to -lAI (but the 
original is AH to gAI). 

[Ib. Rule 8, v\hofe conjugate] hyperbola Audi pafs through 
the point C. 

[lb. what has been faid] for by fuppofing the index n to be 
negative, VG (which before was us VX will then he as 
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VX“, and the curve AG will be a parabola ; and what was 
demonilrated generally of the hyperbola will hold true (for 
any index, and therefore) for the parabola ; and all things 
will follow as before, fubflituting — n for n. Put the com- 
putation may be made for the parabola as for the other (Fig. 
38 ) thus: let VG =: bbXV" = XC" ; then the fubtangent 
ZT = nVG. AndletXC = a,ng=:e,cC o; thenVG=: 

a + o" 3= a" + nan-* o + n X an — " oo + n x 

% 

X — an — 3 o3 p — Qo — Roo — So’. 

3 

Whence Q =: — nan — *. R z: — n X — - — a" — S 

% 


— — n X ! X X a"~’. Therefore the den- 

3 . -3 

fityinGisasC that is, 

VK/i + QQ ^sav'l + nVn~‘> 


+ nna^' 


-5 or as 


1 


\/'d^ nnce 


• that is, reciprocally as 


v'XC^ + TZ/. And the fame may be found by fluxions, 
putting Q, R, S, for the firft, fecond, third, fluxion of VG 
or XC". 


SECTION III. 

[Pr. 12, and inverfely as the velocity;] for the time of de- 
feribing a given Ipace is reciprocally as the velocity. 

[Pr. 13, cafe 1, 2, 3, the decrement or increment PQ] in 
a given time. ‘ 

[lb, cor. and triangle do.] therefore, cx equo, &c. 

[lb. fell.] For (Fig. 39) draw the indefinite line BAP, and 
make BD perp. and eciual to BA ; and draw DF, AF, parallel 
to BA, BD. Let AP be the velocity, AP^ + 2BAP the re- 
liftance, A IP the force of gravity. Draw D'l P, cutting 
FA in T, and the time of the whole afeent will be as the 
triangle DTA. 

For draw DVQ cutting off PQ the moment of velocity, 
and DTV the moment of the triangle ; then the decrement 
of the velocity PQ will be as the refiflance and gravity AP^ 
VuL. IIL K 
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+ SBAP + AB’5 that \B, as BP‘. But the area DTV is lo 
the area DPQ as DT^ to DP% or as DF* to BP* ; therefore 
fince the area DPQ is as ]BP% the area DTV will be as the 
given quantity DF*. Therefore the area ADT decreafes uni- 
formly as the time, by the fubdudion of given particles 
DTV ; and therefore is proportional to the whole time of 
afcent, 

[Pr. 14. From the area DET] Tliis fliould be : — from the 
moment KLON fubdu6l DTV, or m x BD, the moment of 
DET ; J^nd is only a falfe tranflation. 

[Ib. cor. or as V* ;] for the fpace is a □ of the time, that 
is, oc the fquare of DET, or of BD x M a (becaufe M = 


DE X V 
DA 


j fquare of 


BD X DE X V 
DA 


i that is (becaufe BD, 


BD X V^ 

DE^ DA, are given), as V*, or as — jjj — • 

[Ib. fch. inftead of the uniform refiftance made to an 
afeending body ;] this differs from gravity only in this, that 
it cannot generate any motion; but it a61s after the lame 
manner in all moving bodies in deftroying their motion as gra- 
vity does in deftroying the motion of afeending bodies. Gra- 
vity a<^s uniformly in a given dire6lion. The force ariling 
froto tenacity adls uniformly, but always in a diredion con- 
tra|y to the motion of the body ; and, tliercfore, when the 
bo^y is at reft, it can induce no change in it. Now in the 
horizontal motion of a body in a fluid which is refifted in part 
uniformly, one may fubftitulc the force of gravity for that 
uniform refiftance, as in pr. 8, 9> 13, 14. And in the afcent 
or defeent of the body in a fluid, inftead of the force of 
gravity, one may fubftitute the fum or difference of that 
uniform force and the force of gravity, as in thefe propo- 
iitions. 


SECTION IV. 

In prop. 15. [And the decrements of thefe arcs arifing 
from the refiftance will be as the fquares of the times in which 
they are generated ;] for fince the arcs are infinitely fmall, 
the refiftance affeds the fame as au uniform centripetal force j 
would do. 
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[Ib. The decrement of the arc (Fig. 40 ) PQ will be] for 
let q, be the points it wouldhiurrive at, in the fame times, 
in free fpace ; then Pq =z qt, and PQ = Qr ; therefore 
Qq =z qt — Qr ; and adding Qq, SQq = ’Qt — Qr = tr; 
and Qq = jtr : but Qq = iRt j therefore tr =: |Rt = Rr, 
and Qq = jRr. 

The fame demonftration of this prop, holds good as well in 
afcending as in defcending motion. 

[Cor 1. The velocity, &c.] for fuppofing PQ an arc of a 
circle (Fig. 41 ) whofe centre is f ; then if PQ or FT be es the 
velocity in both curves, TQ will be as the centripetal force in 

’pQl 

both, but in both curves TQ = f therefore Pf =: rad, 

of the circle defcribed with the fame velocity. 

[Cor. 4, the body will defcend, &c.] for, by cor. 1, the 
velocity in P in a refilling medium is =: velocity in a circle at 
diftance SP in free fpace ; but velocity at dillance SP in free 
fpace : to velocity at dill. |SP in free fpace (by cor. 6, prop, 

4 , b. I.), or prop. 34, : ; as ; to • b that is, */l 

: therefore, &c. 

[Cof. 7, or as JAS to AB] (for this, fee my Geometrical 
Proportion, prop. 24 .) 

In prop. 16. [And the refiftance, &c.] inftead of this pro- 
portion in prop. 15, viz. PQ : QR : :SQ: x SQ, 

fubftitute this ; PQ : QR : : (SQs : SP2 : : ) SQ ; SQ + 


^ SP — 2 SQ (by prop. 24 of my Geomet. Proportion), that 

is, as the defcribing velocities, &c. 

[Cor. 1.] For the refiftance : centripetal force : : (|Rr = ) 


1 — 4n X VQ X PQ 
2SQ 

1 — In OS : OP. 


(TQ=:) 



:l~-|nVQ:PQ:: 


SECTION V. 


In prop. 19. [Cafe 3, different fpherical parts have equal 


pteffures,] that is, different fpherical parts of equal mag- 
nittide. K 2 
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In prop. 20. [And by a like reafoning, &c.] Suppofing the 
tbicknels of the orbs to be reciprocally as the force of gravity 
or the denfity of theduid, or in the complicate ratio of them, 
and it will appear (as before) that the bottom is prclTed with 
a cylinder of the fame fluid wbofe bafe is ~ the bottom, and 
height tliat of tlie fluid, by the fame reafoning as before, 
and prop. 19. 

In fchol, pr. 22. [By a like reafoning, 8cc.] Let the force 
of gravity be reciprocally as the nth power of the dlltance. 

The Ipecific gravities at A, B, C, 8cc, will oc 

o ^ L 1 . • . . , ^ X 

ccc. and the dcnlilies (?c funis 01 the prcliurcs a — J 

B1 X BC CK X CD , All BI CK 

SB" ’ SC" ’ “ SA"“‘ ’ SB"—’ SC”—*’ 

&c. And tu, uw, &c, oc diflcrenccs of the denflties cc 

AH BI ^ , . AH X th 

gppnJ &c. And tu x th, uw x ui a 

BI X ui 1 1^1 1 1 

~SB"— ‘ sF— ■— 


1 1 

‘’“SB"— *’ sF— ■' 


5 See. ; and therefore, univerfally, — ^=7- 


, ClliVi HIV.1CHJH-, UlUVCl JlUliy, 

« hyperbolic area thm’y. Therefore ifr:^— 

SE" ' ^ 813“ ‘ 

SA " 1 I I , . 1 

SC"“‘’ SA“— SB"— *’ SC"— * ’ bF— ‘ 

1 I 1 ' , 

— = J|p::=7 — gg;;prrJ and the areas proportional 

thereto will be equal, viz. thin i:: uikw ; and therefore St, Su, 
Sw, that is, AH, BI, CK -H-. Q.B 1). Then putting n fuc- 
Ceflively =z 3, 4, 0 — 1, &c. the truth of the faid fcholium 
will appear. And fo on ad injitntum. 

[Other laws of condenfalion, &c ] Suppofe the compreiT- 
ing force cc rlh power of the denfity; then the fpecifie gra- 
vities in A, B, kc, a &c. ; and the preflures in A, 

„ , AH BI ^ CK DL,_ BI CK DI, 

a, &C. « + ~ &C.-gg-+^+^, 
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&c. Now if thefe fums were 


their differences 


m m 
sa’ sb’ 


&c. would be in the fame -H-, and then the preffLiies in A, 

, AH BI 

^ "SA^ "Sli’ ^ denfities oc AIB, BP, 8tc. And 


therefore AfB~*, BP’"'* and AH, Bl cc 

SA_1 ’ SBJ ’ Then putting r = A, ji^^j&c.allthings 

r — 1 r — I 8 3 

will appear as in this fcliol. But now the aforclaid fums are 
not in geometrical progreflion, becaufe it is plain their dif- 
ferences are not, viz. -^-r? j &c.; forif -r!r’ lTit > jl::, 

and feeing SA, SB, 8cc. are •^, therefore (by pr. 18, cor. C, of 
my Geom. Proportion) AH, BI, 8tc. would be -H-, which is 
falfe (except in the cafe of prop. 21) ; therefore neither thefe 
differences nor fums are tt. And confequently the conclu- 
fions of this fchol. in this refped are not true ; and therefore 
it muft be prcfuined that the author meant them only to be 
nearly, and not perfedly, true. 

In Schol. prop. 23. [All thefe things are, &c.] It feenis to 
me that the prop, holds true, though the centrifugal force be 
extended to all dillances in any given law, as well as wh^ it 
ends at the next particle in the fame given law. For, mp- 
pofing the particles of the Iluid to be placed in parallel planes, 
and that thefe planes a6l on each other, the force of com- 
preffion on any one plane will be made up of the feveral 
forces of all the other equidiftant parallel planes. Therefore 
fince the diftances of all thefe planes before compreffion are 
refpeeftively proportional to their dillances after compreffion 
from this given plane, their aiTions on the given plane before 
and after comprellion will alfo be proportional (feeing their 
adlions or forces are as fome power of the diftances) j and 
their fums will be alfo proportional to thofe of any two cor- 
refponding planes, viz. as the neareft to the neared. In thefe 
fort of particles there will be required a greater force to pro- 
duce an equal coitdenfalion of an.equal quantity of the fluid j 
K 3 
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but the denfity will be proportional to the compreflion^ as 

before. 


SECTION VI. 

In prop. 24. Cor. 5. for let m, M = quantities of 

matter, w, W =: weights, t, T = times, for the common 
pendulum 1. Alfo L z= new pendulum, T tz new time, for 
M, and W. Then m ; M : : wtt : WTT (by the prop.) : : 


t ' t “ ' 


WTT 


And if m, M ; t, T, are equal, w a 


], which is cor. 4. 

In prop. 27. [If the reliftance in the arc B, &c.] If 
the refinance in the arc A were to the refiftance in the arc 
B as AA to AB, the times would be equal; and therefore refift- 
ance A A in the arc A caufes the excels of time above tliat 
in a non-refifting medium ; and refiftance AB in the arc B 
caufes the excels of time in B above that in a non-refifting 
medium, equal to the former excefs (becaufe with ihefe refift- 
ances), they are deferibed in equal time. But now if B be 
deferibed with a refiftance BB, the excefs of time will be 
caufed by that refiftance, 

[But thofc excelTes, &c.] Now the excefles of time ^caufed 
by deferibing B with the refiftances AB, BB, refpeiftively 
are as the fpaces left undeferibed after the given time ; that 
is,tj&s the refiftances AB, BB, nearly, or as A to B, viz. as the 
arcs A, B. And fince the excefs of time by deferibing A 
with refiftance AA = excefs of time by deferibing B with 
refiftance AB, therefore it follows that excefs of time in A : 
to excefs of time in B : : «as A : to B nearly. 

In prop. 29- [Area PIEQ may be to the hyperbolic area 
PITS ; : as BC to Ca ; and that the area lEF may be to the 
area ILT as OQ to OS.] 

That this is polTible (afluming P at pleafure) may be thus 
fhewn. Let the areas PIEQ, PITS, be taken (as BC to Ca) 
indefinitely fmall ; then PIEQmuft be greater or at leaft equal 
to PITS : fuppofe them equal; then will PIEQ ^ PILS, and 
IF > IL (and more fo, if PIEQ > PITS) ; but when S, P, Q, 
coincide, OS to OQ is a ratio of equality ; therefore in this 
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cafe IFE to ILT (or IF to IL) > OQ to OS (or however 
not lets) increafe the areas PIEQ and PITS in the fame 
ratio, and the ratio of OQ to OS will alfo increafe and con- 
verge at length to the ratio of lEF to ILT ; which (liews the 
pofiibility of what was required (but as to an a6lual folution 
I (hall refer it to an algebraic procefs). This being done as 
required, then the points 0, S, P, Q, are all fixed* and the 
point R only variable. 

lEF 

[And the increment, &c.] for the fluxion of OR — 


IGH to the fluxion of 
lEF 


IFF 

PIGR::as ^-~HGlo — RG 


OQ 


to RG. Or rather thus: the incrc- 
lET 

ment of OR — IGH is as -qq — IIG x — Rr HG 


;HG* 
, lEF 


X Rr •— 


lEF ^ 


And the increment of PIGR is as 


IIG X — Rr; and therefore the decremen (becaufe the de- 
crement is a negative increment) of PIGR is as RG X Rr. 

In cor. to pr, SO. [Now if the rcflftance DK be in the 
duplicate, &c.] for the velocities being as the ordinates of a 
circle or ellipfis deferibed on aB, the refiftances (being as the 
fquares of thefe velocities) are as the fquares of thefe ordi- 
nates, that is, as the re6langles of the abfeifTas. Therefore 
the refiftances DK, OV, are refpedively as aDB (aOB =z ), 
OB*. But this is the property of the parabola aVB deferibed 
to the axis VO, by cor. £ to pr. 4 of the parabola, 

Gen. fch. pr. 3l,p. 75. [Butin lefler ofcillations fome- 
what greater, &c.l that is, the difference in the leffer arc to 
the difference in the greater arc is in a greater ratio than the 
fquares of thefe leffer and greater arcs. 

[P. 75.] for i the chords of thefe arcs, read the chords of 
tliofe half arcs. 


[Ib. p. 76, 77. -As ^ AV + ^ BV| + ^ CV\] Thefe 

three members are taken to denote three laws of refift^nce, 
viz. the firft in the Ample ratio of the velocity, the third in 
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the duplicate ratio thereof, and the fecond partly in the fim- 
ple, partly in the duplicate ratio (or in a noiean between them) ; 
and the coefficient thereof is a middle one between 
and 

[As 0,041748 to 121] it ffiould be, as 0,041778 to 121. 

[P, 78. It is manifeft that the force, &c.] for the forces of 
refiftance and gravity are as their effedls ; to wit, as the velo- 
city loft . (by refiftance) and velocity gained (by gravity) in 
the fame time as 1 to S76^. 

[I alfo counted — I leave the calculation, &c.] The calcu- 
lation after the preceding manner w ill be as follows : 


Mean ofcillations 

7 

14 

28 

56 

112 

Difference between firft defeent and laft afeent | 

1 

2 

4 

8 

16 

Difference of arcs deferibed in the defvent "I 1 

1 

4 

12 

24 

48 

and fubfequent afeent - _ - J 743 

272 

325 

250 

m 

68 


Alfo thefe in the greater arcs are nearly in tlie duplicate ratio 
of the velocities, but in thelelTer arcs fomewhat greater (thefe 
arcs are in the laft feriesof the table). 

Let V ;= velocity in fecond, fourth, and ftxth cafes =: 
1, 4, l6, refpetftively ; and the difference of the arcs will be, 
in the 

2d Cafe ~ m A + B -f C. , 

4th Cafe = = 4A + SB + 16C. 

6th Cafe — |-|- ~ fy — 16A -f- 64B + 256C. 

Whetice A = ,0005098 ; B = ,0003882 ; C = ,0025784. 
Therefore the difference of the arcs is as ,0005098V -f 
,0003 882 V4 + ,00257 84V\ And confequently the refiftance 
of the globe in the middle of the arc will be to its weight (by 
cor. pr. 30) as ,00032442V + ,00041 174 V|. + ,00 1 9338V" to 
121. Therefore the refiftance will be to the weight, in cafe. 
2d, 4th, and 6th, as ,00267 to 121; ,0355324 to 121; 
,5265949 to 121, refpecftively. 

.Mote — You may take any other numbers (that are in the 
fame proportion with thefe above) for V ; for example, I 
took L 1, and 4 = V, in the 2d, 4th, and 6th cafes, and 
A will be = ,002039 ; B = ,004706; C = ,041255 ; 
and the refiftance to the weight (at the laft) com^s out 
\he fame as before. 
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In the 6th cafe, the point marked in the thread deferibed 
an arc of 112 — ^4 inches =: IUtV? therefore the centre of 
the globe deferibes an arc =: llSfrf = nearly; and 

its velocity is (nearly) the fame as in defeending an arc 57tt 
of a cycloid (vvliofe fcmi-arc is 126), or = velocity acquired , 
by falling perpendicularly through the verfed fine (or abfeifla) 
of that arc : but this verfed fine is =: 13,324 ; therefore 
the velocity of the pendulum is z: velocity acquired by falling 
perpendicularly 13,324 inches. And with this velocity the 
globe meets with a refinance which is to its weight as ,52659 
to 121, or (taking that part only of the refinance which is as 
the fquare of the velocity) as ,49303 to 121. 

Alfo if a globe of water of equal magnitude moves with the 
fame velocity, its refiftancc will be to its weight as ,49305 to 
213,4; or as 1 to 431-rV* Whence, in the time in which the 
globe uniformly deferibes 26,648 inches, the weight of the 
globe of water will generate all that velocity in the falling 
globe ; therefore the velocity deflroycd by refinance will be 
to that acquired by gravity (in the lame time) as 1 to 431 tVi 

or velocity loll = — ^ of the whole velocity. And therc- 

fore, in the time it would uniformly deferibe its femi-diameter 


with the fame velocity, it would lofc the part of its 


motion. 

[p. 79^ after live ofeillations] this certainly lliould be after 
10 ofeillations, as appears by the procefs of the calculation. 

[P. 80. So that the difference 0,4475, 8cc.] for the mo- 
tion loft is a the refinance, and that a the fquare of the ve- 
locity and fquare of the time nearly, which in this cafe is a 
conftant produdl. 

[P. 81, 1. 2.] Here is a finall error, viz. ,6 1 675 Inftead of 
,61705 ; whence 45,453 would have been 45,43, and the re- 
fiftances as 7,002 to I : but this is not material. 

[P. 82, becaufe the refiftancc, &c.] for the rcfifiance oe 
fquare of the time X fquare of the velocity, which produift is 
invuiiable, becaufe equal arcs are always deferibed. 
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SECTION VII. 

[Pr. 32, ratio of denfity] he means any given ratio of dcn- 
fity which are proportional to the particles. 

[Pr. 32. Proportional times] any times, in that conftant 
ratio ; that is, let them move among one another in limilar 
directions, with velocities which are as the particles. 

[Pr. 32, cor. 2, fpaces proportional to their diameters] in 
thefe proportional times. 

[Pr. 33, cor. 2, for if the forces, &c.] for the refiftance 
arifes from the centrifugal forces, and from the collifions of 
the particles. The refiftances of the firft fort are as the mo- 
tive forces, that is, as the accelerative forces and quantity of 
matter ; that is (by fiippofition), as the fquares of the velo- 
cities and quantities of matter; that is (becaufe the quanti- 
ties of matter are given, the fluid being the fame), as the 
fquares of the velocities. 

The refiftances of the fecond fort are as the number of re- 
flexions and their forces ; that is (as is proved in the prop.), 
as the fquares of the velocities, fquares of the diameters, and 
denfities of the parts ; that is (becaufe the diameters and den- 
flties are given), as the fquares of the velocities accurately. 

[As alfo the bodies E and G ;] let E and G be vaftly fwifter 
than D and F. 

[Pr. 34, but the former of, &c.] forbH X CB c (BE^ :z) 
ObN, which is the property of the parabola. 

[Pr. 34, fchol. lefs reflfted than the former folid;] for if 
FG and III be produced till they interfeCl, they will form a 
right angle ; and therefore the fruflum FGBHI will be lefs 
refilled than if the lines Ihould interfeCl in an obtufe angle 
(as is flie>n in the cone), which they would do if the lines 
fell within ‘FG and IH ; and for the fame reafon the refift- 
ance would be greater in the curve itfelf, becaufe the lineola 
which conftitute it will, when produced, interfedl one another 
at obtufe angles. What is mentioned befides in this fchol. is 
demonftrated in the Appendix. 

[Pr. 35, it follows, that the cylinder, &c.] for motion 
cylinder : motion medium : : cylinder's magnitude X denfity 
X velocity : (medium's magnitude x denfity x velocity =) 
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, , magnitude . . , 

(Cylinder s — x 2 velocity X medium s denfity : : cy- 

linder’s denfity : medium’s denfity. 

[Ib. to the force by wliich] to the motive force by which its 
whole motion, &c. ^ 

[Pr. 35, cor. 2] for the refiftance of the globe and the 
force (that will quite take away its motion in the time it 
moves two or four thirds of its diameter) are in a given ratio; 
therefore increafe the velocity of the globe in any ratio, and 
the force (that will utterly deftroy all its motion in a given 
fpace) will be increafed in a ratio of the velocity diredlly and 
the time inverfely, that is, as the fquare of the velocity ; 
therefore the refiftance of the globe is increafed in the dupli- 
cate ratio of the velocity. 

[Ib. cor. 3] for the fame reafon, increafe the diameter of 
the globe in any ratio, and the motive force (that will utterly 
deftroy its motion) will be increafed in the triplicate ratio of 
the diameter dirccftly, and the time inverfely ; that is, in the 
triplicate ratio of the diameter dirediy, and the fimplc ratio 
of the diameter inverfely ; that is, as the fquare of the dia- 
meter ; and therefore the refiftance of the globe will be in- 
creafed in the duplicate ratio of the diameter. 

[Cor. 6, and its refiftance, &c.] Let BC be the refiftance 
at firft, then refiftance at the firft : refiftance at the end : : 
B6 ; EF‘ ; but AE : AB ; : BC : EF : : EF : BH ; therefore 
BC* : EF* : : BC ; BH. BH is the refiftance at the end. 

[Cor. 7. As the logarithm, &c.] For (by fchol. [)rop. 86, 
Fig. 42, hyperbola) it appears that if AH = 1, AB =: T, 
BK = t; then it will be CBKF : EHKF : : (logarithm T'+ t 
T + t 

— logarithm T = ) logarithm — : logarithm T+ t. And 

EHKF : AHED ; : (logarithm T + t : ,43429448 : : ) loga- 
rithm T"JT x 2,30268509: 1; alfo AHED : CBKG : : 
HE : CB X t : : T : t. Therefore, rr equo, CBKF : CBKG : : 

T 4" w T 4* t 

logarithm - X 2,30258 X T ; t : : logarithm X 

8,30258509 : 
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[Pr, 36, cor. 2.] Forces are equal when their efFeds are 
equal in a given lime ; but the elTed of the motion of the ef- 
fluent water (in the time a body defeends tlirougli GI) =: a 
cylinder whofe length is 2G\, and bafe the hole alfo the 
efied of the gravity or weight of a column whofe iieight is 
GI, and bafe the hole EF, r: (by reafon of an accelerated 
motion, and in the fame time) a cylinder whofe length is Gf, 
and bafe the hole EF ; and therefore the efled of the preflure 
of twice that column (in the flime time) = a cylinder 
whofe length is ^GI, and bafe the hole EF ; = the firfl; cy- 
linder, ergo, &c. 

[Cor. 3, or IH + 10 to 2lH] for ih : ho : : io : og ; or ho : 
og : : ih : io ; and ho + og : 2ho : : ih + io : 2ih : : io -f- 

ig : 2io : : 0 EF + O AB : 2 O EF. 

- [Ib. cor. 10.] This cor. ought to be more exadly computed 
and demonftrated, bccaufe the following propofitions depend 
thereon. 


[Pf. 37, p- 109. And is therefore nearly equal, &c.] This 
refinance = weight of a cylinder (whofe bafe is that little 
circle and altitude |IG, from which altitude the cylinder 
mull fall, &c.) n: force by which its motion may be gene- 
rated, &c, 

[Pr. 37, cor. 1.] Let F force (mentioned in the prop.), 
M = medium’s denfity, C zz cylinder’s denfity, V iz velo- 
city, D z= diameter, T z: time (of defcribiiig four times its 

X M 

length), II zz refiftance ; then R rz F (by the prop.) 
V M 

ocCxijxD^x^a V^D*M. 


[Cor. 2.] Let EF be given, and denfity of the medium be 
alfo given. Then becaufe this reliftance zz weight of a cy- 

FF^ 

Under (whofe bafe is PQ, and height |IG) x -rrp rrrrJ 

— irQ, 

therefore weight of this cylinder zz refiftance X — • 

But the force requifite to take away the motion of this cy- 
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lirtder, wbilft it moves four times its diameter oc weight of 
this c}/ Under X velocity x 

time ot defrnbiiijr tour Limes its ieiigtfi ^ lefiftance X 

EF^ ~ -I PQ^ EF^ — PQ^ EF’-->W * , 

pr— X £pi X • And the den- 

fity of the cylinder being increafed, the force is increafed in 
the fame ratio. 

[Cor. S] for fince refinance : force : : EF® X denfity me- 
dium : EF" — iPQ* X EF" ^ PQ" x dcnfity cylinder ; : 


medium denfity : 


EF^ — iPQ‘ X EF‘ — PQ‘ 


X cylinder 


denfity : increafe the dlftance it moves in any ralio^ and the 
force (to dellroy the motion) will be decreafed in that ratio, 

. , EP ~- APQ^ X EP — W ’ rr, 

as fuppofe tlie ratio of 1 imn re- 


finance : force : : modiiim denfity : cylinder denfity. 

[Schol. pr. .‘{7, AE and BE (Fig. 43) he two parabolic 
arcs] iince the refifiancc is the lame, whether the fluid or the 
cylinder move, therefore the cafe of the refiflance of the cir- 
cle in* Fig. 4 is the fame cafe with the rcfiftance of the circle 
AB in Fig. 6, confidering the velocities HG and EG, where- 
with they are a6led on ; but (by cor. 9, pr. 36) the refillance 
on PQ ::: { cylinder on PQ and height GH (through which 
a falling body acquires the velocity which the fluid has on 
PQ) ; but i this cylinder is =: a parabolic fpindle on PQ and 
height GH, nearly. Therefore the refiflance on AB = 4 cy- 
linder on AB and height GE ( — GH), through which a 
falling body acquires the velocity with which the cylinder 
moves, which is equal to a parabolic fpindle on AB and 
height GE = AEB, by conflrudlion [fince latus rectum : 
(HG = ) GE : : GE : AG.j This is the very conllru6lion 
of Fig. 2. 

[lb. mull be to this force as 2 to 3, at leafl,] for the weight 
upon the little circle (in cor. 7, p. 28), is theie fliewn to be 
equal to a cylinder of | the height GH at leafl. But the 
weight of a cylinder on that circle and | that height is the 
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force whereby the cylinder’s motion may be generated in the 
time it moves four times its length, or SGH ; therefore the 
refiftance in that cor. is to the weiglit here demonftrated 
(ccBteris paribus), that is, to the force : :as -J. to | : that is, as 
2 to 3, at leaft ; and increafing the denfUy, the force is in- 
creafed in the fame ratio. 

[lb. let CF and DF.] It is neceffary to allow as much time 
for the meeting of the particles of water (at the axis of the 
folid from the fide thereof), after they are paft the folid, as 
for their feparation before they come to it. Now fuppofe this 
to be the cafe of Fig. 4. In the time that a particle paffes 
from H to P, the fame particle with the velocity in P will in 
the fame time deferibe 2lIG, and therefore muft ^afs twice 
os far to arrive to the axi^ again. Whence, in Fig. 6, the 
particle F muft be twice as far from CD as E from AB ; but 
the height of FCD =: 2 height of AEB, by conftrudlion. For 
let z, y r= 2 ordinates to x = | AB; and zz = 4rx = 4yy, 
and z = 2y. 

[Cor. 1, pr. 38.] the demonftration is the fame with that of 
cor. 1, pr. 37. 

[Cor. 2, pr. 38.] Let denfity of globe : denfity of fluid : : 
d : 1 ; then d X J diameter of the globe = fpaee fallen, and 
d X I diameter globe =: fpace it deferibes afterwards, in the 
time of its fall. Then, becaufe forces (which generate a given 
motion) are reciprocally as the (times, that is, reciprocally 
as the) fpaces which any body deferibes with the fame uni- 
form velocity, therefore the force of the globe’s comparative 
weight (which generates its motion in the time it deferibes 
d X I diameter) : force that generates the fame motion (while 
it deferibes f diameter) : : ^ diameter : d X J diameter : : 1 
: d : : denfity of the fluid : denfity of the globe. Therefore, 
&c. 

[Cor. 3, pr. 38.] The velocity being giveil^ the motion M 
is alfo given; but (by this prop.) refiftance x d = force 
which will generate the motion M (in the time of moving 
I diameter) ; but this force muft be = refiftance, which will 
quite take away the faid motion M (in the fame time of mov- 
ing ^ diameter), Now augment the time of moving (pre- 
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ferving the velocity) in any ratio (let it = T); and this lall 
refiftance (which will quite take away the faid motion M in 
the time T) will be decreafed in the fame ratio ( =: R). 
Therefore T and R are alfo given. Therefore by cor. 7, &c, 
[Cor. 4 , prop. 38.] for let M = f diameter in the time 
iM 

T ; and becaufe (by fup.) therefore T =: t. 

Now (by cor. 7, pr. 35) it will be (y= ) 1 : (log- X 2, 

5 , &c. = log. 2, X 2, 3, &c. =) ,693 :: I diameter 

diameters, which is lefs than two diameters. Now that M 
ought to be = I diameter in the time T is plain ; for it is re- 
quired (by cor. 7 , pr. 35) that the refiftance R quite takes 
away M in the time T. But (by this pr. 38) the refiftance 
(r: force required) will juft take away the motion M in 
movjng J diameter. But if T be any other time than that 
of moving J diameter, then the force to deftroy M in that 
time will not be = refiftance, but greater or lelTer than it. 

[Pr. 40, let the globe, &c.] This is calculated in prob. 14 
of my book of Fluxions. In cor. £ of that prob. G, H, and 

• N— 1 

N, are found, and thence the velocity =: — H, where H 

is the greateft velocity the globe can acquire in falling in the 
fluid ; and the height fallen comes out the fame in value with 
his, but in other fymbols ; but the one may be eafily reduced 
to the other. 

[lb. the numbers in the fourth column, &c.] 2F is the 
fpace defcribed in the time G with the greateft velocity H 

2P 

(by the prob.) ; therefore G ; 2F ; ; P; F =: the fpace de- 
fcribed in the time P with the greateft velocity, the numbers 
in the fourth column. 

[Sch. pr. 40, and any other globe, &c.] that is, the mag- 
nitude of any body a the excefs of its weight in vacuo above 
that in water. Or 182,8 : 1 : : this faid excefs ; magnitude 
of the globe. Hence diameter globe (in Exp. 1.) = 0,84224^ 
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[lb. exp. 1, but this fpacc, by reafon, &c.] to demonftrate 
this^ it is neccil'ary to preiiiife, that the ^reateft velocity 
wherewith a globe can delcend by its comparative weight 
through a fluid in a canal is that which it may acquire by fall- 
ing with the fame weight, without reflftance, and in its fall 
(lelcribing a fpace which is to ^ diameter as mn‘d to V. Putting 
(ienfity globe : denfity fluid : : d : 1, and 1 = orifice of the 
veflel, N = 1 — great circle of the globe, m 1 — i great 
circle. For (as in cor. (?, pr. 38) the fpacc it afterwards dc- 

feribes (in the fame time of its fall) r: X t diameter ; 

then the force of the globe’s comparative weight (which gc- 

miiM 

iierates its motion in the time it defciibes --p*" x -j diam.) : 


force (that generates the fame motion in the time it defciibes 

. mnVl ... , , 

f diameter) : : (] diameter : -j- X i diameter mn’d ; 


therefore (by pr. 39) the refiftaneeof the globe tuice oi the 

globe’s eompaiative weight (v\hieh generates this motion in 

, , mn^l ... . r 11 A 

the time it deiciibcs — X 4 diameter, or rails — p— X y 


diameter); and, therefore, this force cannot acceleraie the 
globe. Q.E.l). Now, 

By the ex;)eriment, 12F =: d X ^ diameter ; but the fpace 
the globe uniformly deferibes (with the grealeft velocity 
wherewith it can defeend in the canal or veflbl, and in the 

. . , . 1-1 miPd 

time of acquiring it with its compound weight) zz — p— X 


8 mn' „ mn^ / 

-diameter =z~p- x CF — X 4.42,51. Alfo v/95,219: 

P P 95,219 P 

X 0,15244 (by the laws of falling bodies) =: time of 

acquiring the greatcfl velocity’. And therefore X G 
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(=: time) : ^ x SF (= fpace) : ; ) G : X SF : ; 

4" : P ^ ^ “ (fpace defcribed in 4") = ^ \/p x 

116,1245. Subdued ^ X 1.3862944F=:^ x 3,0676; 

and Y X 1 16,1245 — y ^ 3,0676 == fpace fallen 

in the fluid, =: 116,1245 — 3,0676 x y ^y’ nearly, as 
the author makes it. 

[Ib. ex. 13.] This and tlie following are upon the fame 
computation as the foregoing experiments in water ; to wit, 
the theory of non-elaftic fluids: the reafon is, becaufe he con- 
fiders fluids as elaftic whofe parts are difcoii tinned, &c. See 
fchol. pr. 35. 

[Ib. p. 128, equal to 'This is plain from what 

follows afterwards ; for let a fpace ; fD : : 860 : 1 ; this fpace 
6880 

= — D z= 2293D, and this fpace the globe moves in the 

lime T with velocity V ; let, therefore, T = 2293, and t = 

Then motion loa = ‘ 

is nert fenflbly increafed by the refiftance in moving through 
fD; and hence I have taken it for the lixme. 

[Ib. let D be the, &c.] for, put denfily globe ; denflty fluid : : 
8d 

d : 1 ; alfo let the fpace -j D = S. Now, by prop. 38, d X 

refiftance == force, which (uniformly continued) will quite de- 
ftroy its motion in the time it moves ; therefore d x re- 
fiftance will quite take away its motion whilft it moves |D. 
But (becaufe the force of that refiftance and the time of its 
ading are reciprocally proportional) the refiftance the globe 
meets with will quite take away its motion whilft it moves 
fid 

(with V) — D = S. Therefore (by cor. 7 , pr. 35) the globe 
VoL. 111 . t 
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iu the time T (of moving S) meets with a refiftance R which 
will quite cleftroy its motion V ; therefore in the time t it will 

Jofe &c. 

SECTION VIII. 

[Pr. 4^, and (Fig. 44) becuufe the motion of the waves, 
&c.] Let the waves A, B, C, move from A towards C, and 
fuppofc the water to defeend from the vertex C into the hol- 
low E, and thence up to B, which it will do, fiippofing the 
vertices A, B, C, to be of equal altitude; alfo let the water 
defeend fiuni B to .D, and afeend to A, Sec. Now fincc the 
water in the vciLex B defeends tow aids 1) at the fame time 
that other water (that had delc(*nded from C to E) is afeend- 
ing to B, therefore the water will be lowir at the jioint 
Band higher at the point b than hclorc; and ionfe(|ucntly 
that the vertex of the wave B will be transfered towards C. 
Therefore the vertiecs (and hollows, and any correlponding 
points) of all the waves will move fiom thence towards C; 
therefore the waves will bo carried on by the detlux of water 
down CE, BI) ; and the acemnnlation ihcicofon EB, DA. 

[Fr.43, cafe 1, at nearly e(|ual diftvMices, &,c.] they let for- 
ward at equal dillanccs, and eontimie fo, becauie they move 
with equal velocity, as appears by (the demonft. of cafe ], 2, 
3, of) prop. 48. ( Fig. 45.) 

[Pr. 4f), beeaufe tiie motion of the waves is carried on, &c.] 
Let A he the vertex of a wave. Tiu’ fluid at b is more prefT- 
cd (by reafoii of a greater depth of ineumbent water) than 
d ; therefore that greater prelTiire caufes the water to recede 
from b in all dirci^fions, and to afeend at c; therefore the 
vertex of the wave is now in c. Alfo a greater preflure of 
water propagated from d to f caufes the water to defeend 
at c, and afeend at e; therefore the vertex of tlie wave moves 
along a, e, e, &c. And this it will always continue to do, if 
atfirfl any force is fuppofed to be applied to the fide gha, to 
hinder the afeent of the water there in like manner as it 
afeends at c, e; for then the fide gha will be afterwards always 
defeending, and the fide ace afeending, without the continu-’ 
ance of fuch force. 
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[Ib. tranfverfe meafure] is meafuring along the furface of 
the water ; as is plain from the demonftration. 

[Ib. cor. 2, rather performed in a circle] as in the note on 
prop. 42 (Fig.46). But if the breadth of the waves be meafured 
not in the right line acb, but along the furface of the water 
(becaufe the deflux of water through b^ c, a, is made in a 
curve line near a circle), then the lime mentioned in the prop, 
will be very nearly as it is there alligned. 

[Pr. 47] Fig. 1, PI. 9, is wrong. It iliould be thus (Fig. 47); 
[and the original is wrong, too] where J, m, n, Hand at N, 
M, L. 

rib. — with thofe of an ofcillating pendulum. n ^ 

Lib. according to the law of a pendulum ofcill.J ^ 
prop. 52, lib. 1, fpace deferibed by a pendulum in the time 
PI is to a w'holc vibration as the time PI to the time PIS ; 
and to two vibrations as PI to PHSP ; and the accelerating 
force of a pendulum is as its diftance from the lowcft point. 
See cor. pr. 5 1 . 

[Ib. that is, (becaufe HL — KN is,) &c.] that is, HL — 
KN : HK : : CM : 01. 

[Pr. 48, cafe 1, diflances of the pulfcs, &c.] the diftances 
of the pijfes in one medium be =: diflances of pulfcs in the 
other. 

[Ib. and therefore the pulfes ;] hence it appears that the 
correfpondent parts in both mediums (vibrate or) go and re- 
turn together, or in equal times, though one makes longer 
vibrations than the other. But (by fuppofUion) the diftances 
of pulfcs in both mediums ai'e equal; and the pulfes in 
both are tranflated through thefe equal diflances in the times 
of the parts of the mediums (vibrating or) going and return- 
ing, which times are proved equal; therefore the pulfes in 
both mediums move equal diflances in equal times, and 
therefore are equally fvvift. 

[Pr. 48, cafe 2, then will their contradions, &c.] be equal, 
in equal fpaces, 

rii , « n fquare of the time 

[lb. and moreover, .&c.] for fpace a JlTTttcr — ^ 

(Ibr thefe fpaces are generated by accelerative forces), and 
L 2 
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time oc v'fpace 
fpace. 


A SHORT COMMENT 
X V" matter oc ^ I’pace 


X I’pace 


[Ib. cafe 3, the time which is neceflary, &c.] for fpace oc 


c^time X force □ time X force 


matter 


denlity 


Therefore if the fpace 


be given, time oc Therefore velocity oc 

^ force 
oc - - • 

denfity 

[Pr. 49 . — ratio ofPOto A conjundly;] that is, time 
, when the quantity of matter is given 


^ matter 

force ^ force 
(tins in accelerated motions). Then time of one vibration by 
that elailic force : time of one vibration of a pendulum PO, 
by the weight : : VV : ^ PO X A ; and time of one vi- 
bration of PO, by the weight : time of one vibration of A : : 
|/PO : v^A. Therefore, 8 cc. 

[lb. — of the going and returning] of the pendulum PO. 
[lb. of one ofcillation compofed of the going and re- 
turning,] of the pendulum A. 

[lb. cor. 1 , — to its circumference.] For (Mechanics, 
prop. 24) diameter : circumference : : time of fall ibrougli 
^ radius : time of one vibration. Therefore as radius : cir- 
cumference : ; time of fall through 7 radius : time of two 
vibrations. 


[Ib. cor. 2.] for velocity oc 


fpace A 

time -/A 


(X V'A 


a 


heat, as well as that arifing from the compreffion. 

[Pr. ,50. Let the number] of the double vibrations, &c. 

[lb. fchol. in the fubduplicate ratio of the defe6l of the 
matter] that is, of the quantity of vapour or watery particles. 
A nd (by p rop. 49 , cor. 2) the velocity will be increafed as (the 
^denfity, that is, as) the ^/quantityoftrueairin a given fpace 
ij3 decrcfifed. 
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[Ib. near 100 pulfcs in] This computation pre-fuppofes that 
ihofe vibrqjtions of the llring are double vibrations, or vibra- 
tions compofed of its going and return. 

SECTION IX. 

[Pr. 51, but the differences of the angular motions, &c.] 
thefe are as the difference of the abfolutc motions round the 
axis; that is, as the difference of the abfolute tranflations, or 
as the relative tranllations (which are thofe here fpoken of) 
diredlly, and the diftances inverfcly. 

[Ib. of quadratures of curves, &c.] Let SD = x ; Dd = y ; 

then Dd oc W = — conllrudion ; therefore y ~ 

XX ^ XX I 

-L ■ and vx = bx x ; and n =: area ; therefore 

xx’ — I X 

area a 1 =: DdQ. 
x 

(lb. cor. 3,] In a given time let the parts 1, (2, 3, of the 
fluid deferibe the (Fig. 48) fpaces Ir, t2s, 3t; take away or add 
the equal angular motions In, 2o, 3p; fo that the fpaces nr, 
os, pt, be deferibed in that given lime: now whether the 
points 1, 2, deferibe the fpaces Ir, 2s, or nr, os, tlic tranfla- 
tions at the end of the given time will be n: si; alfo if 2, 3, 
deferibe 2s, 3t,' or os, pt, the tranflations at the end of the 
given lime will be the fame in cither cafe, viz. r: ut ; there- 
fore the tranflations being equal, and the attrition alfo, the 
motions will be continued. 

[Pr. 52, cor, 8, about any given axis] pafling through the 
globe ; the relative motion of the parts of the globe and fluid 
arc the fame flill : therefore, &c. 

* [Ib. cor. 9, femi-diameter of tlie globe ;] let BC be a plane 
(Fig. 49), D a point of the veffel, A a point of the globe ; 
then period; time of A : time B : : < velocity B : < velocity 
A ; and therefore time A + time B : time A : : (velocity B 
+ velocity A = ) < velocity A from B : < velocity B : : 
time B : time A from the plane BC (to BC again) : : CB* ; 
CA\ But time B from DC = time P from BC ; therefore*^ 
time D (from BC) : time A (from BC) : : CB* : CA^ ; as 
fliould be by the prop, and cor. 8. 

L 3 
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BOOK III. 


[Pr. 3 , the a^hon of the fun, attrading, &c.] fee cor. 7, 
pr. 66, lib. 1, or cor. 14, where KL is a PT, nearly (SK or 
ST being given) ; and the force TM in its mean quantity is 
= PT, nearly. 

[Pr. 4, and the fpace which a heavy body deferibes] by 
falling in l" : half the length of the pendulum (= j radius) 
: ; fquare of 1^' : fquare of the time of falling through half the 
pendulum ; : (Mechanics, pr. 24) fquare of the circumference 
: fquare of the diameter. 

[Ib. p. 169, line 17, the mean dillance of 60 diameters] it 
fliould be 60 fern i -diameters, as it is in the original. 

[Pr. 6, p. 174, — fubduplicate of that proportion, as by fome 
computations I have found,] i. c. as I found by making fome 
calculation. 

For let B be the dillance of the Sun and Jupitciv d the 
greater force, e the lelfer ; then, to find the dillance x where 
d may be diminiflied to e : Bccaufe the forces are recipro- 


cally as the fqiiares of the dillances, fay ~ : d : e : : : 


and x ; R : : d : ^e ; therefore at the dillance, x the 
weight d (of the fatellite) would become equal to e ; and the 
centre of their orbits would not be in Jupiter, contrary to ex- 
perience. And if the force of the fatellite was lefs, by a like 
computation, the centre of their orbits would be nearer than 
Jupiter, alfo contrary to experience. 


[Pr.8,cor.l,and^^^ rcfpeaively] thisfhould be 


or rather 


1 


194075 


[Ib. at the dillances 10000, &c.] thefe are as the diame- 
ters ; and the apparent diameters are found by allronomical 
obfervalion, which, x by the proportioned dillances, gives 
tiife ratio of the real diameters. 

[Pr. 8, cor, 4, — of fo much the greater denfity.] This is 
f|1lot generally true, as appears by cor. 2 and 3. 

[Ib. cor. 3, — truly defined.] This is demonllrated in 
Gravefand^ 1. IV. p. 232-3. See Appendix, p. 20. 
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[Pr. 10, lofe almofl a tenth part oF its motion.] For, by 
fchol. pr. 40, p. 1128, it is, 1 : 860 : : -y : 2293 33 1 = ip^ce 
defcribed in the time T ; putting D = i^ V =r i ; and T : t 

: : 2293.33 : 2293.33 = fpace (uniformly) clelcribcd in the 

t T + t 

time t. Then (p. 129) ^ ^ * •’ 


2293.33 ij, : 229.5 ; therefore 2293.33 X 2.30258 X log. 
T + t T + t 

= 229.0; and log. -.j,— = ,043401 ; and therefore 

T + t . , T 1 9 1 

“ = and .jfT— = niw = To rrt 


[Ib. or ns 75 (0'‘) to 1 nearly.] Tn Fig. 3, PI. .5, 1. II. Let 
SA = rad. earth = 20949074 feet, All = 1, AF = 200 
miles =: lOjOOOO feet ; then, by cor. pr. 22, II. Aa — Bb : 
Aa — Ff : : thin : tlinz; that is, All X SF : AF x SB : 
or 1 : 1005325 : : thin ; thnz ; : (hy fell. pr. 80, liyperbola) 
log. AH — log. Bl ; log. AH — log. FN ; beeaiife water is 
SGO times denfer than air, and the incumbent weight ot the 
almofphere at the furface of the earth is about = W( igbt of 
33 feet of water ; therefore the weights (and eoniWpieiitly the 
denfities) in A and B are as 28380 and 28,379 ; whence AH 
or St = 28380, and Bl or Sn = 28,379; and log. AH — 
log. Ill = ,00(X)152, log. AU = 4,4530124; therefore I : 
1005325 : : ,0000152 : 4,4530124 — log. FN ; and log. FM 

— 11,1730. And therefore FN = ,0000000f)0015, and 

denfity in F i denlity in A i : 15 t 28.380000000000000 i i, 
or as 1 : to 1800000000000000, which is lefs than 1 to 
75000000000000; but th€ computation will vary as the radius 
of the earth, the denfity of water and air at the earth, is 
fuppofed to vary. ^ 

[lb. and hence the, Stc.] as before (by pr. 40, fchol.), fmee 
denfity of water : to'denfity of air 200 miles tiom the earlhi'ij^ 
: : 645 (0’"^) : 1. Space defcribed in time T ?= 172 (0^’). Attd 
Jm 4 
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t T + t * t 

Y' log. "Y" ^ &c. : : 172 (O'*) X ^ (= fpacede* 

fcribed in time t) : 2792250000 = fpace Jupiter defcribes in 
T + t 

1000000 years. Therefore log. — = ,0000000070,5. And 

T + t , T 

= 1.000000017; and = >999999986; and 

= ,000000014, which is Icfs than — 

[Pf. 13, are almoft as l6, &c.] for (by this and cor. 2, pr. 8) 
accelerative force of Jupiter towards Saturn : accelerative force 

of Jupiter towards the Sun : : 25 X : l6 x 1 : : 81 : 

30<m 1 

16 X 81 X 3021 

... I I . ■ „ • 

25. 

[Pr. 14, fchol. And hence we may find, 8cc.] For, by cor. 
7, pr. 66, I. the apfides of their orbits move m confequentia. 
And, by cor. l6, of the fiime, the motion of the apfides of 
the body P (PI. 21, Fig. 2) will be as the periodical time of 
P dircdly, and the fquare of the periodical time of T in- 
verfely ; that is, as the periodical time of P (becaufe the pe- 
riodic time of T round S, or of the Sun round Jupiter or Sa- 
turn, or (which is the fame thing) of Jupiter or Saturn round 
the Sun, is given) ; that is (by prop. 15, 1.), in the fefquiplicate 
ratio of fheir diftances PT. 

[Pr. 19, in the duplicate proportion of the rad. to the co- 
fine of lat.] (Fig. 50) for (by cor. 3, pr. 4, 1. I.) centrifugal 
force at the equator ; centrifugal force at a from the axis 
( =: ab) : : rad. : cof. tat. ; : r : c. Allb the force diredly 
from the axis : force diredly from the earth ; : ab : be : : r ; 
c, Tlierefore, ex equo, centrifugal force at the equator : cen- 
trifugal force direblly from the earth, at a : : rr : cc. 

Tib. but by computation (from] Let (Fig. 51) GC = t = 
AOl/ BP =: C = 100, PE zz X. Then will ED^ a 

X cx — XX. And ER* a PD‘ = x* + x^ And 

cc c cc 

y/'lt cc — tt 

T" ^ + = (ftippofe to) — sx*. 

cc 
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Whence the fluxion of the area PQRE is = 7 k — sx^jlx z= 

. sx^. s\x| . Ss^x-J . 3.5s^x|. . 

2r * “ ^ "" <>.4.&* * ~ '^0^ ^ ““ 

c Y 5 

And- the area PQRE =: Irxl ^ — 7 - — 

5r 7.4r^ 9.4.0rs 

3.5.s^xV Q_ , 3.SX 5.sx_ ^ 7 . 3 .SX ^ 


■*■ rrir* = (pui^s — = ^) — tV Aq + 

d" TT "h Pq + Si'C. IT (when x :::: c ~ 100 ; and 

, . cc — tfc , tt 

s being = — ^ — =: ,0201 ; and ~ — 1 02^01. =) to 

6693,39. And PBM = 5000. Whence PQRM ~ 1693,39. 
Therefore, by cor. 2, pr. 91, I. force ol the fpfieroid : force 

pf the fphcre : : (when P and A coincide) AS — — 


AS PQRM 

:) CS> ■ 


4 X ]f],03.3!) . 

joeoi"" • 


: 1 : : 126 : 125. 

[Ib. p. 190, if the denfity, &c.] this will appear by con- 
fiderin^what went before, and cor. 3, pr. 9B I. 

[Ib. but if the diurnal, &c.] for the (centripetal or) centri- 
fugal force ii as the fquarc of the velocity when the rad. is 
given. 

[Ib. 191, — augmented in proportion as the force of gra- 
vity is diminiftied] for, reviewing the former calculation, if 
the denfity of the earth were grcaler than it is, the force of 
gravity to the centrifugal force would be greater than in that 
proportion of 289 to 1 (and the two diameters would be in a 
lefs proportion than 289 to 288 ; and alfo the diameters would 
be in a lefs proportion than 230 to 229) ; confecpiently the 
ratio of the difference of the diameters to either decreafes as 
the gravity increafes ; and, on the contrary, that ratio in- 
creafes as the gravity decreafes. And upon this depends the 

foregoing proportion, os ± : ±-. :± : 
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[lb. line 15] read ~ x X to 1. In the ori- 
5 94i ^ 22 \) 

emal, 2d edit, it is ~ x - X to 1, or as 1 to 8. 

5 1 229 

[ Pr. 20 (Fig. 52). Whence arilcs this theorem] for let nkyii 
be a circle circumicribed round the ellipfis nhyl ; then khm : 

L'hin X 

fbc ( = ) abd : : kP : And ab n But, be- 

caule khm and ktare given, and bd = (nearly to) 2kt, wliicli 
is given, therei'orc ab a fg^ : but the difference between the 
weight at ii and a is as (at — bt = ) ab. Thcretore the in- 
creafe of weight is as fg^ or the fquare of the fine of lat. at 
a, nearly, or (by tiigonoinctrv) as the verf. of 2an. 

[Ib. and the aics of the degrees, 8cc.] The length of a do- 
gree is oc rad. of curvature, and in the points n and h are (by 
ex. 1, pr. 19, fedt, 11, curve lines) as the parameters ot ny 
and hi ; that is, as hP to i\y^ or 229^ to 230^ ; that is, as 
566'37 to 57382, as is inferted in the table, p. 247. 

But to find the rad. curvature at b, we have (by ex. 2| 

pr. 5, fec^t. II, Fluxions) mH = y 4- ” ■■■— - ti — - 

therefore (putting s for the fine of the angle ntb), rad. cur- 

Tature mC, at b =: ^ + = (becaufe ^ is a 

s abbs s 


given ratio) R + Ryy, very near, R being the 

radius of curvature in n; and, therefore, the increafe of this 
radius, which is as the increafe of the degiees, is asyy or ss 

nearly. And here a — b being very fmall, — - R is 


an extremely fmall quantity. 

[Pr. 23, — which 1 cannot here defcend to explain.] Since 
the Moon’s orbit is more eccentric than thofe of Jupiter’s fa- 
tellites, tlie motion of the Moon’s apogee will be greater 
in proportion than the motion of the apogee in any fa- 
tellite. 

[Pr. 27. Jhearea, &c.] (Fig. 53) For the moment of the 
area is oc iil) X ad. But ad oc angle bed x cb = ho- 



ON lilt PRINCIPIA, 15^ 

rary motion x cb. Therefore area a cb*- x Lorary 
motion. 

[Pr. 28. But the attradion of the moon ;] for let A r: at- 
trat^ion of P towards T. Let the uttradioii or foree LS be 
refolved into the two, LM, SM, the firll acting towards M, 
the latter towards S. Then the whole attraction of P to- 
wards T is A — ST + LM — TM. Let A — ST = R 
Then the attraCiion of P towards T in the fyzygics is F — 
2AT; and in tiie quadratures F + CT. By prop. 2.5, F ; 
ML : : 178725 : 1000. And the forces 2AT and CT will 
be to each other as 2000AT and lOOOCT ; that is, as 
2000 1000 

cjr>rN ^ ~Af" x N * ^ 

and quadniturcs will be as 178725 dircCHy, and the Iquare 
of the diflance from T reciprocally, 'riieicroie, &c. (Note, -\- 

(JT‘x"1n pnntcd for — hue 1 1 , p. CIO.) 

[lb. — Quadrature in C ; or, which — ] for CTP : CTp : : 
angular motion of the moon from the fun’s quadrature : to 
its angular motion from the fixed point C; that is (bccaufc 
the given circumference, or one revolution, is to be deferibed 
in eith'er cafe), : ; periodic revolution : fynodie revolution. 

[Ib. Butr by computation I find,] with (Fig. 54) the ra- 
dii TA, TC, defeiihe the circles Ale, Cic ; and let AZ, Cz, 
touch the ellipfis in A and C ; and take A1 to Ac, and Ci to 
Cc, as < CTP to CTp (Fig, 5, PI. 10). Now in order to 
determine the curvature of the orbit, fuppofe the point a to 
coincide with A, and draw the parts of the orbit AllO, Cro, 
which will pufs betvreen the elliplis and circle ; for TO orTE 
is iefsthan TL, and greater than (TA or) Tc; and To (that is, 
Te) is lefs than TC orTc,and greater than Tl. Draw the lines 
TB, Tb, lb that AB “ Cb ; and let the points A, f, C, and 
alfo C, i, c, coincide; and the curvatures of the ellipfis, orbit, 
and circles, at the points A, C, will be refpcFtively as BE, BR, 
BI, and be, hr, hi. And the difference of curvatures of the 
ellipfis and circles, and of the orbit and circled in A, C, wiU 
be as El, RI, and ei, ri, refpedively. But RI : El or OC 
(becaufe TE = TO, and Tl = Tc : :) AP : Ac^(lem. 11, 1.) 

TTP^ 

: ;CTP* ; CTp^ Whence RI = EI x = BI.- BE 
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PTP* 

X 77 rrT. Alfo ri : oc, or ei, or be — bi : : CP : Cc* : : CTP* : 
Clp^ 

CTP^ 

CTp\ Whence ri = be— bi X " ^y ■ But in the 0 

TA, BI, AI, or AB, and ^2lAT, are and in the O TC, 

AB^ 

bi, Ci or Cb, 2CT, are whence BI = and bi =: 


PM 

Alfo in the ellipfis BE K 2AT ; BA* : : AT* : TC*; 

2 CT 

and be X 2CT : bC* : : CT* : AT*. Whence BE = 

BA* X AT . . bC* X Cl' 

— ; and be = — — '‘oro hence the 

curvature of the orbit at a : curvature of the orbit at C ; ; 
... AB* 

BR, or BI — IR : hr or bi + ir : : 


•BI— BE X 


CTF Cb* 


CTp*‘ 2cr 


* + be bi X ^ • 


CTP* AB* CTp* 


Cb* v.'xjj . 
+ • 2CT*“ ^ CTP*' 


CTp* 


CTp*' •2AT CTP* 


— BI 


AB* CTp* 
■ • 2AT ^ CTP* 


AB* 

2AT 


BA* X AT ^ CTp* bC* x CT 
■+“lTC '2CT*^ CTP* +■ 

AT 


Cb* 


CTp* 


1 


CTp* 


2AT* 

CT 


■2CT 

1 


■ • AT X CTP^ 
. CTp* 


AT TC‘ 'CTP* X Cf* AT* CT 


CTP* , AT CTp*— CTP* , CT ^.,,3 ^ 
It xCTF TC*'CT X CtP* AT ■■ 

X AT X CT* : CP + X CT 


X AT*. 

[Pr. 29. The tangent of the angle (Fig. 55) CTP, 8cc.]. 
On the axis DC deferibe the circle CdD, and let the line Tb 
revolve uniformly to d in the fame time that TP revolver 
to A, and deferibes areas proportional to the times in the 
ellipfis CAD. Draw be || to dT, and draw Tb, TP. Since 
the circle and ellipfis are deferibed in equal times, parts pro- 
jiortional to the whole will be deferibed in any equal times. 
Now area ellipfis : area circle : TA : Td ( = TC) : : eP : eb 
: : (ePC + ePT =) TPC : (ebC + ebT=:) TbC ; therefoic the 
point in the circle is at b when the point in the elliphs is at 
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P. But TA : (Tcl =) TC : ; eP : eb ; : tangent elTP : 
tangent < eTb ( rz < of the mean motion). 

[lb. Square of the fine of the angle CTP.] Thcfe tilings are 
plain from prop. 26^ where Pd (Fig. 4) is the excels of the 
PK* 

n^oment, and is as "p^" 

[Ib. which we may clfe6):, &c.] (Fig. 56) Let A be the 
area deferibed by the moon in any time, arc CP zz z, r z: ra- 

dius TC, PK = y, TK = u, t = tan. PTC. Then A = -^ 

iz yx, and A n FI. ; yx ^ area CPK. But TPC exprefleg 
the mean motion, and therefore TPK is the equation, which 
is as TK X PK, or uy. 


But, by the nature of the circle, z — r— ; nnd fince 

^ -j ’ rr -f tt 


t is in a given ratio to t(or as .3123 to 69)i therelbre z is as 
rrt t 

■ T - or — X TK, or y X TK, or as uy. Thcre- 

rr + It v/’f + “ 

fore, decrcafingthe tangent in the fubduplicate ratio of 11073 
to 10973 , or in the fimplc ratio of (59 to 68, 6877 ; accelerates 
the area in proportion of PK*, as it ought to do. 

in a proportion compounded ot the duplicate, &c.] 

for (by cor. 16 , pr. 66 , 1 . L), all angular errors are as the 
fquare of the time of the moon’s revolution direcftly, and the 
fquare of the time of the earth’s revolution inverfely ; that it 
(by pr. 15,1. 1.), as the fquare of the lime of the moon’s revo- 
lution diredtly, and the cube of the earths diftance from the 
fpn inverfely. 

[Pr. 30. And this force, by prop. 25, is, 8ic.] The force 
SPK : force ML : : SiT : PT (for thele are the fame), 
and force ML : centripetal force by which the moon revolves, 
&c. : : 1 : 178U (by pr- 25); therefore, ex equo, force 
aPK : centripetal force the moon revolves with : : SiT X 1 
: PT X 178fJ; or as IT : rad. X 59,575. 

[lb. the half of which the moon] jt fhould be, which tjie 
moon, by the aftion of the faid force, as it is in the firft edition. 

[Tb. And the angle PTM (Fig. 57) is equal to the angle, 
&c.] for in this cafe LJl is perpendicular to MP. Let PR 
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be a tangent to tlic point P ; then the triangle RPT is a right 
one; and angle PPM r= angle PTM. And angle LPM : 
< (RPM =z) PTM (when the radius is PM) : : LM : RM 
1 : force producing LM : force producing RM : : 1 : !y9y^75, 
[Pr.SL cor. and the decrement is to the remaining motion 
as 100, &c.] The motion ofthe nodes in theodants : motion 
in the fyzygies : : 11073® : 110C3*: : (becaule 11073, 11023, 
10973, arc in arithmetical, and nearly in progreilioii) 
11073 : 10973; and decrement : remaining motion : : (11073 

— 10973 -) 100 : 10973. 

[lb, but the decrement] (Fig. .58) for the decrements are 
as the forces and times, or as the whole; motions and times; 
that is, decrement at H (or increment at h) : decrement at 
A : : mot. at H, and time : mot. at A, and time : : (that is, by 
what went before) as mot. at II x yy — -fir : mot. at A X 
rr — {rr (or mot. at A X ^ir). This reafoning being very ob- 
feure, you will find the motion of the nodes clearly inveftigat- 
ed in (prop. 5, fc6't. G, and coi*s. of) my Aftroiiomy. 

[Pr. 32, it is drawn back again] that is, fuppofing the place 
of the node given. 

[Pr. 32. Now ihe area of the femi-circlc] For let NT 1, 

AZ =: y, TZ z= A’. Then eZ zr — — 

9.0327 + yy' 

— cZ), = - — — — • Put yy zz 1 — xx, therefore Ae = 

^ 10.0827 F yy 

9. 0827 _ b^i a/ I — XX _ ^ _L ^ 4. 

10.0^27 — XX b — XX b bb 

&c. X into v' 1 — XX, putting b = 10.0827G, and the 

. 1 XX x^ * 

fluxion area NA'e =z b — 1 X "g" + ^ ^ 

V' 1 — XX ; whofe fluent (by form 17, Fluxions) = "[J" + 

I ^ . NAn\ 

+ See. X b 1. (J) (putting (p = quadrant, or -y-y 

zz .92435 (p, therefore half the area NFn =z ,0756.5(p. And 

NFn 

the area $ (or quadrant) is to the area - — or the femi- 
circle to the whole area NFn, as 1 to .07 5G5, or as 793 to 60. 
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[Prop. S3, will nearly agree with] let N r: 19 49 3 55, 
p = periphery of NAn or DFB, E the equation,’ S =: 
S.2NA. 

Then NAZ reprefents the mean motion of the nodes for the 
arc NA, as N does for the whole circle, and NAZ is the 
true motion ; and ATZ is the difference proportional to the 

equation. Divide by p : ~ : N : E, or p ; 

: : : E, that is, p : S : : iN ; E ; whence if BF =: 2NA, 

then (by conffrudlion) y\D : CD : : p : jN : : S : E. Sup- 
pofe S an arc in DF, then 360 : : : degrees in S : E ; but 

deg. in S (in the circle DF) : degrees in DO (in the circle 
DG) : : AD ; CD : : (by conffruaion) 360 : in degrees ; : 

degrees in S : E ; whence the degrees in DG — E, or the 
angle DAG = equation. 

[lb, cor.] for in the lyzygies the areas ANZ and eNZ va- 
nifli; and NA is 90^ when they are in the quuthatures; 
and when in the oefantsthe line of BF = S.yo =: 1 ; there- 


fore, 

I 38.3 1.38319 

Had 10. 

. 1 


S. < A(l°30') 8.41681 


[Pr. 2, p. 229, 6y the demonftration] the angle ATrf 
W'ill be the diffance from the node's true place, hy conftrudion. 
AUb the mean motion of the fun in the time NA ; mean 
motion of the node from the fun in the fame time : : (mean 
annual motion ot the Inn : mean annual motion oi the node 
from .the fun : : (by pr. 1) area of the ellipfis : area of the cir- 
cle : :) TBN : TFN ; but TBN was the mean motion of the 
fun in the time NA; and therefore TFN is the mean motion 
of the node from the fun in that time NA ; and h 1 N the an- 
gle of the mean motion, or tlie diffance ot the liin fiom the 
mean plane of the node. 

[lb. cor.] for (Fig. 39) let atn =: nth =: 43®, and fc 1 to at j 
then fc is the fine of fta, the As feb and bth are fimf.ar; there- 
fore fc ; fb : : bt bh ; and, by compofitiou, fh : ct, or at bf : 



tc; und, by inverfion, fc is to or kt ; : fb : fb>iorby : ; 
kH : Hm, or tk 4- tH. 

[lb. but the fine of] draw oz JL to it, then oz is to fc in .a ra- 
4io compounded of (or to fb or of) os to fg, and (the fine of 
orz or trs\o the fine of fbc or thg, that is, of) ts to tg ; that 
is> in the compound ratio of os x ts to fg x tg, that is (be- 
caufe rad. : cofine : : fine : fine of the double arc, and 
therefore the redlangle of the fine and cofine being as the fine 
of the double arc), as fine of 2otn to fine of 2ftn, or ra- 
dius. 

[Ib. fch.] for TS : (TS + SK =) TK : : 360® : (S 60 ® + 
ig\6355 =) 399fiS55 : : 9,0827646 : 10,0827646. Therev 
foreTH : TK : : v'^)827046 : v' 10,08, &,c. And therefore 
TH ; HK : : 18,6524761 ; 1 : : TS : SH : : mean motion of 
the fun : mean motion of the node = 19 ° 18' 1" 23'"7. 

Laftly,TK + TH (= 38,22428) : KH ( r= 1) : : rad. :fine 
of 1° : 29' : 57" (by cor.). 

[Pr. 34, cor. 2, with due regard] for whilft p moves from 
Q to F, the film of the areas is comprehended by TH pro- 
duced, FQ, and tangent to Q'; but, in moving from F to q, 
the line JIp f^dls on the other fide of the circumference, and 
.the film of thefe areas is th^t comprehended by IT produced, 
Fq, and the tangent to q ; and the, difference of thefe areas 
is the femi-circle generated in the time of deferibing QAq ; 
"and in the time of deferibing the whole circumference the 
^hole circle ^ill be generated. 

[Ib. cor. 4, that is, as the diameter] Suppofe Qp to be the 
double diffance of the moon from the quadratures ; MK the 
fine thereof. Then Kk : Mp : ; MK : radius. And the fum of 
all the Kk’s, or the diameter : fum of all the Mp’s or QAq ; : 


fum of all the fines : fum of as many radii, or half as many 
dikme'ters. And, therefore (multiplying the antecedents by 
Fp ' 

and ibe confequenls by 2), the fum^ of all the fines X 


^ : fum of as many diameters ; : diameter x ^ ; whole 


circumference. 
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[Pf. 35, by the fame increments as the fine of inclination 
doth, by cor. 3.] For if AEG be double the diftance of the 
nodes from the quadratures, GED will be double the diftance 
of the nodes from the fun ; and they both have the fame 
fine. 

[lb. fchol.] Here are feveral particulars about the moon^s 
motion barely laid down, many of them being taken only from 
obfervations. 

[Ib. p. 235. The force of this a(ftion is greater] It is greater 
the nearer it is, and attrads the moon from the earth, and fo 
dilates the orbit the more. But the farther off, the-kfs force, 
and the lefs the moon is drawn from the earrfi. And at a 
greater diftance ftie moves flower; and at a lefs diftance 
fafter. 

[Ib. farther, I found that the apogee] by cor. 14, pr. l6. 
b. L And if a be the fun^s mean diftance, and a + x any 

other diftance, then the motion will be as or — 

______ a 4- 

Sx 1 3x w X 

--5 or — X 1 5 and the equations, as -j or as X. 

a* a^ a ^ a 

The motion of the fun, that is, the angular motion, is reci* 

procally •as the fquare of the diftance. 

[Ib. but if the motion,] let v be the velocity, m the mean 

motion of the fun. Then if v be as or ^ z: 

a 4- X* aa a’ 

2x . . 2x 1 

w ^ m, then the equation is — m. But if v be as 

a ^ . a a + x’ 

— — =m — equation is — m. And 

the firft equation to the fecond is as — m to ~ m, or as 2 to 3. 

a a 

And hence the greateft equation of the apogee and nodes (fum 

all the ~ m) : their mean motion (m) ; : 2® 54' 30 " : 
a 

fun’s mean motion ; the greateft equations being as the mean 
motions, 

VoLe IIL 


M 
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[Ib. p. 236. By the theory of gravity I likewife found] For 
then the moon being nearer the fun (in all points of its orbit 
taken togetlier), the fun’s force muft be greater. 

[11^. p. 237. By the fame theory of gravity the adtion,] 
For when the fun is in the line of the nodes, its whole force 
is exerted in moving the moon, and none in moving the plane 
of its orbit. 

[Ib. By the fame theory of gravity, the nioon’s] by cor. 8, 
pr. 66, b. 1. 

[Pr. 36, in other pofitions of the fun,] by the reafoning in 
cor. 19, pr. 66, 1. 1, depreffionof the water at P : afeent atP 
in the diredidh PH : : (LM : TM : :) PT : 3PK; and afeent 
at P in direaion PH : afeent at P in diredion TP : : (rad. : 
S.PTK : :) PT : PK ; therefore (ex equo) deproffion at P : 
perpendicular afeent there : : (PT^ : 3PK^ : : ^P1 : PK^; 
hut the force VT that depreffes P is given, therefore the force 
to raife the waters atP is always as PK% that is, as the veiled 
fine of 2PTC, or twice the fun’s altitude. 

Alfo the effeds of thefe forces (by cor. J4, pr. 66, 1. 1.) at 
different diftances from the fun are reciprocally as the cubes 
of thefe diftances; and, therefore. 

Cor. 1. The fun raifes the water under it to one Paris foot 
and 11^ inches. 

[Pr. 37, but becaufe of the reciprocation] fee pr. 24. 

[Ib. and the fun’s force in — ] (Fig. 6O) let A be the po- 
fition of the moon, and ATP = angle the fun and moon 
makes at the earth’s centre; and let PT reprefent the force of 
the fun, which divide into the forces PK, KT, PK, adingin 
the diredion of the moon, increafes her force ; KT ading in a 
different diredion, diniinifties it ; and therefore PK — . KT 
(or the difference of the fine and cofine of the angle ATP) 
the abfolute increafe of the moon’s force ; but this differs not 
much from the cofine of double the ^ ATP (in an angle 0^ 
18°| the difference = ,6310189), and in the arcs 0" 43° 90 
they perfedly agree. Or thus : 

Let qc =: moon’s force, ca = fun’s force (Fig. 6I). If ^ 

fun is in n, let < ace = 2 < acn ; then qe or qb = fum 
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of the forces, cb n fiin^s force, in that pofition z: cof. of 2 
< acn (Fig. 62 ). 

[ib. But farther ; the force of the moon] for lot PT be the 
whole force of the luminary in the place P (or in T)), the other 
fide of (the earth or) its parallel ; the force DT zz the two 
forces DK, KT. When the Imiiiriary is in D, ilie force to 
move the water in the dirciHion TP is T|ji; and the difl’erence 
of thefe, or (TP — TK z: ) PK, is the didorence of the 
forces in the points P, 1) ; or the ablblate force to move the 
fea at the hit. CTP. But Pk is oc cd fine of ATP, or as a 
cof. CTP. 

Then fince L + S is the whole force when the moon is near 
the fyzygies, and L — S in the quadratures, therefore 
0,8070327 L iiuifl be fubfiituted for L only in the quantity 
T — S, whicli ro[)refcnts her force in the quadratures. 

[lb. from whence we have] alfo 1,017322 L mull be fub- 
ftituted for L in L + S, which reprefents her force in the fy- 
zygies ; and 0,0830427L for L in L — S, when Ihe is in the 
(juadraturcs ; for thefe reprefent Ifer attradlive forces in the 
iyzygies and quadratures. 

[Pr. 38, as the accelerative gravity] for if the diameters be 
given, the forces to raife the water will he cc ahlolute forces; 
Jind if the ahlolute forces are given (the fpheres will he re- 
duced into fimilar Ipheroids, for), the perturbating forces will 
be as the diameters (for the perturbating force is a PT, Fig. 
pr. 23). Therefore, if neither he given, the forces to raife 
the water in the moon and earth arc in ihe compound ratio 
of the earth to the moon, and the moon’s diameter to the 
earth’s diameter, or as 1090 to 100; therefore the watei lifes 
to"93|: feet in the moon. 

No notice is taken here of the tides being lefs by rcafon of 
the moon’s motion round the earth, than if flie flood liill in a 
given pofition. Since the motion of the tides reaches 90° for 
every ebbing and flowing, it would feem that the laid motion 
could not be propagated through 90 ® to its greateH height, iu 
the time the moon flays in the meridian. But (by a compu- 
tation from pr. 44, II.) it appears that water will ofcillate in 
a canal of 90° in length in of an hour; and therefore in that 
M 2 
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the tides will be propagated to that dillance, and rife tc 
their Idgheft; but the pofition of the moon in that lime i; 
not fenfihly altered ; and therefore the tides would rife nc 
higher, though (he were always to (land in a given pofition 
But this fuppofcs that there is depth enough of fea to fuppl) 
water fufficient for the purpofe. 

[Lem. 1 to pr. to recede towards this fide and that fide 
that is, all the parts of AC to ad in a diredion towards tin 
fun; the parts of CE diredly from it. 

[Lem. 2. The matter in the circumference of every circh 
IK] by this is meant the circular ring (in the plane of th( 
circle IK) comprehended' between the furfaccs of the fpheri 
and fpheroid. 

[Lem. 3, about the fame axis] he means about its dia 
meter. , 

[lb.] L Let (Fig. 6:3) ABD be a fpherieal furface, anc 
AEFD a circumferihing cylindric furface, and their coninior 
thicknefs the infinitely fmall line Bb or Aa. Divide AC into 
an infinite number of eiftal parts =: in =:x, and ered tlu 
planes id, ne; then the furfaces of the fpiiere and cylindei] 
comprehended thereby are equal. Now, flux. mot. c;yl. lur- 
face : flux. rnot. fph. furface : ; (as their matter X velocity, 
and the matter is given, and therefore as) CB x x, or id x x 
: uf X X. And mot. cyl. furface : mot. fph. furface : : as all 
the CB X X : to all the uf X x : : AD^ : area of the circle 
ABDG. 

Again ; let (Fig. 04) ABD be a fphere, and AEFD its cir- 
ciimfcribing cylinder ; ECA a cone, all revolving round AD. 
Divide BC Into an infinite number of equal parts =: bd = x. 
ThiUDugh the points draw fpherieal furfaces bgd concentric to 
ABD, and cylindric furfaces bf terminated at the line EC, 
Then (by what went before) mot. cyl. furface bdf: mot. fph. 
furface bdg ; : AD^ : circle ABDG. Therefore mot. all cyl. 
furfaces, or the Iblid EBC : mot. all the fph. furfaces, or the 
fphere : in the ftwne given ratio of AD^ : to circle ABDG. 

Farther ; flux. mot. cyl. (Fig. 65) round its axis a 

mot. X velocity, that is, oc cf* x x, or x^x. And tho 
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whole motion is a 


And therefore the motion of a cylin- 


der round its axis a length X cube of its diameter .X den- 
fity; or fis its weight x diameter. 

LalUy (Fig. 66); letEBCAbeacylind.and ECAacone. Then 

flux. cyl. mot. : flux. con. mot. : : AE^ x x : ba® X x::CA^ X x 
: Cb^ X X, or as r^x : x^x. Mot. cyl. round its axis : mot. 

cone round its axis ; : rax : : : (when x =: r zr CA)"^4 : 

1. Tbcrefoic mot, cyl. ; mot. fig. EBC (= difference of 
mot. of cylinder and cone) : : 4 : (4 — 1 =) 3. Hence it 
follows, 

INTot. cyl. : mot. fol. EBC : : 4 : 3 
Mot. fol. EBC : mot. fplierc : : diameter c=i : circle^ 
Therefore, exequo, 

!Mot. cylinder : mot. of fphere : : 4 diani. a : 3 circle. 

br, . 

iMot. f[)hcre : mot. cylinder : ; 3 circles : 4 diam. fquare, 
11. Flux, mot, cyl.:flnx.mot.ofaring(or periphery) (Fig. 6?) 
of the fame diameter and matter : : (as velocity X flux, mat- 


ter, asj x'-x : rxx. And mot. cyl. : mot. ring : • 

: : (when x r) 2 : 3. And mot . cyl. : mot. any ring : : Q, 
cylinders : 3 rings. 

in. Let (Fig. 68) ED =: z, and let z be given; then yz z= 
rx. Now flux, mot, ring round C : flux. mot. ring round AB 
: : rz : yz or rx. Therefore mot. ring round C : mot. ring 
round AB ; rz : rx : : (when,^^ == r) AD : AC ; : circum- 
ference : 2 diameters. 

therefore from the ift, Qd, 3d, art. it follows, ^ equo, that 
the motion of a fphere : motion of a ring rouhJ their ^xes : : 
as the matter in the cylinder and ring, and 6 X circii'm#feiice 
X circle : 24 diam. cube : : or as fquare of the quadrantal arc 
: to fquare of the diameter : : ; that is, as matter in the cylin- 
der to matter in the ring, and 61685 : to 100000; or as the 
matter in the fphere to the matter in the ring, and 925275 to 
1000000. 


M 3 
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[Pr. 39 . (for the reafons above explained) *or (by cor. 2^ 
prop. 30) mean horary motion of the nodes : 6^' 35"' J 6"" 36" : : 
AZ* : AT\ And the fum of all the mean horary motions 
throughout the year : fum of as many 16 " 3o"i 8 cc. ; : Ami 
of all the AZ^ : fum of as many AT^ : ; (by lem. 1, prop. 39) 
1:2,* for the diurnal rotation and annual motion of the earth 
are fuppofcd uniform. 

[Ib. But bccaufe the plane of tlie equator,] For, by prop. 
30, the difturbing force is as 3PK (and in that prop., the in- 
clination of the j)lanes being ftnall, is not taken notice of) ; 
hut when the plane of the orbit of P is inclined to the ecliptic, 
the line PK is projeded into pK, and the i’orcc will therefore 
he diininillied in the ratio of IMv to pK, or as the radius to 
the coAne of inclination; for the ditlbrence of the diftai>ccs 
of P and T from the fun become h'is in that proportion, and 
the diderenec of the forces are diminidied in the fame ratio. 

This being a propofition of great diiliculty, depending upon 
very intricate calculations, which few people are judges of, 
for this rcafon, the author’s demonArations have been ohjed- 
ed to, and cenfured by fome people as not true. And Mr. 
Simpfon (in his Mifccllancous Trads), mentioning fome of 
ihefe cavillers, falls into the fame notion. He has invented 
a fort of motion (which he calls Momoitnm) unknown to 
Sir Ifaac Newton, or any body clfe, and which diflers from 
Sir Ifaac’s in the ratio of 800000 to 92j7t25. But I ne\cr 
before heard of any motion that was not made up of the 
quantity of matter and velocity. 

Another frivolous objeclion he makes, is, about the motion 
of a ring being different from that of the equator; and he 
tells us, that the motion ( Momentum) of a ring round hs 
diameter is only half of what it would be when rcvolvingfsin 
its plane round the centre. But it is more than hulf^ for it is 
' 3.1416 

as 1 to — , as is demonftrated in art. 3. What he 

writes afterwards (though he fays it is evident) is not intelli- 
gible. But he concludes at laft, in his way, that Sir Ifaac 
Newton has made the preceflfion (by the fun’s force) to be 
but half of what ft fliould be ; and as fome he mentions had 
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made the whUI propofition erroneous, he modeftly afcrlbes 
but tx €0 mifiakes to Sir Ihiac in this one propofition. But, 
I believe, that whoever reads the foregoing notes will foon be 
convinced that his demonftrations are all right; and that all 
thofe blunders they tell us of are entirely of their own mak- 
ing, and mud be aferibed to themfclves only. 

[Lem. 4, p. 2o4. Wherefore if both the quantity of light,] 
for quantity of light is as the quantity the body receives from 
the fun diredly, and the djiiare of the diftance from the body 
reciprocally; that is, a fquare of the apparent diameter 
diredly, and fquare of the body’s diftance from us recipro- 
cally : therefore the body’s diftance is as the apparent diame- 
ter direaiy, and light reciprocally. 

[Pr. 40, cor. 4] Por then the parabola and earth’s or- 
bit touch in the vertex, and the area there will be r: i ve- 
locity X diftance, or radius, or i parameter; that is, 
lOOOQ X 243.2747, >0i00_><_i5>i'i^bbrtbccliurnal and 

horary motion. The reft, is plain, from pr. 14, 1. 1. 

[Lem. 5.] (Pig. 69 .) Por the ordinates All, BT, CK, &c, 
put a, 2a, 3a, 8cc. and take the dift'erences as follow : 

a 2a 3a 4a 5a 6a 
b 2b 3b 4b 5b 
c 2c 3c 4c 
d 2d 3d 
e 2c 

i: 


* Now to find any ordinate, as 4a, we have 4a — Ja — * jb 
— 2a — 2b = a — h 

2b 4- 2c __ 2 X b + 2 X c 

4- c 

+ d = a — 3.b + 3.C — d. 

And lb of others. 


* i\I 4 
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Case 1. If we fubftitute for p, q, r, &c, tflir equals, we 
fliall have, 

RS = a . ^ 

+ bx-SH 


+ cx-SHx-^i 

, „„ SI SK 

+ d X — SH ^ ^ I" 

„„ SI SK SL 

+ eX-SHx--x — X- 

, „„ SI SK SL SM „ 

+ fx-SHx--x-x-x-- &c. 


Now let RS fall upon any ordinate, as, for example, on 
LD ; then SH, SI, SK,^SL, &c. will be =: LH, LI, LK, o, &c. 
:= 3, 2, 1, 0 , &c. refpe6Iively ; which being written in the 
aforefaid feries, we have 


RS = a — S.b — 3 X c — 3 x — X 4- 

2 2 3 

oe = a — S.b + 3.C — d, which, by what went before, is 
the value of the ordinate DL ; and fince this holds genemlly, 
it is plain this feries will give the value of RS wherever it falls. 
Case 2. Let x reprefent any bafe IIS, y any or'dinale 
RS, Aflume y = A + Bx + Cx x x— P -f Dx x x — P, 
XX — Q, continued to as many terms as there arc ordi- 
nates, which fuppofe four; P, Q, R, &c. being relpedively 
= HI, HK, HL. Then, putting AH, BI, CK, DL, fuccef- 
fively for y and o, HI, HK, HL, for x, we (hall have from 
the general equation AH = A, BI = A + BP, CK = A + 

BQ + C.Q X Q~P, DL n A + BR + CR x iT^P 
-f DR X R — P x R — Q, that is, from the figure, 

AH = A = a. 


BI = A + B X HL 

CK=:A + BxHK+CxHKxIK. 

X)L = A + B X HL + C X HL X IL -p D X HL X 

IL X |L. 

Whence, by Subtradion, 

AH--BI = -B X HI. 
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CK — DL* — B X KL — C x HK + IL x KL— D 
^ X HL X IL X KL. 

Then, dividing by the coefficients of B, 

AH^BI 
HI 

BI-CK 


IK ■ 
CK — DL 


= — B = b. 

B— C X HK=:2b, 


= _B— C X HK + IL— D X HL x IL 


" KL 

= 3b. 

Again, by Siibtraftion, 
b — Gb = C X HK. 

2b — 3b C X IL + -D X HL x IL. And, dividing, 
b — Gb 


HK 


= C = c. 


= c + D X HL = GC. Alfo 

iLi 

c — 2c = — 1) X HL; and 



Tbus the coefficients A, B, C, &c. are determined for four 
ordinates, and they are found the fame way, if more ordinates 
are given. Then taking x at pleafure, as fuppofe = HS, then 
IIS or y will be a + hx + cx X x — P + dx x x — P x 
X — Q, &c. =a + bxp + cxpxIS4-dxpxIS 
X SK, &c. = a + bp + cq + dr, 8cc. 

[Cor. lem. 8, for then AC : AJ (zz AT — 51) : : Ap,C :] 
Ajely — d|xx ATp^y — and : : ASC : ASJ (Proper. 
10) : : (Ap.C + ASC iz) ASCjxA : (A5dy — dp,x + AS5 = 
AS5dyA — d|xx = (becaufe the As x5pi and 5Sp, are equal) 
AS5dyA — d/xx + x5p, — SJp* = ASJjxdyA — S5p, = 
AS|xdyA : : time of defenbing Ap,C : time of deferibing Ayju,. 

[Ib. Schol.] For Bn will cut the chord AC in a point a 
little beyond E (towards C), fuppofe at e. Now the area 
AEXp,A to the area ACYp,A is in fomething a greater ratio 
than AE to AC, as fuppofe as Ae to AC, more near than be- 
fore. Therefore ASEXp^A :^SC\>A : ; Ae : AC. Whence 
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ASBXftA (or ASEXjit A) : ASCYfi A : : Ae : AC ; or ASBYft A 
: ASCY|jlA : : (Ae : AC : :) time in AB : time in AC, ver;^ 


near/ 

[Lem. 10, to the triangle ASC, that is,] AC/jiA : ASC : : 
AC X jMg, : AC X JSM (becaufe the <s SMA and AI|x 
are equal, and Mg, zi Ijx) : : AC X : AC X SM 
: ; MN : SM. And, by compofiLion, ASCjxA : ASC : : 
SN : SM. 

[Lem 1 1 . Subduplicate proportion of 1 to (2,] and therefore =: 

AC , , , . , u- 1 • A[ A ^ . 

— . And the arc in half the time n — And — -r* 
v'" V ^ - 


AP 

oSP zi iz fpace defcribed in defcending. 


[Prop. 41, and BE, by 1cm. 11, is a portion,] iS and this 
hypothcnufe (mentioru'iF in the prop.) are the dilianccs of 
the earth and comet liom the fun. Now BE to iV is com- 
pounded of BE to the part of the hypothenufc (projected 
into BE), or of BS to the whole hypothcnufe, and of that 
part of the hypothenufc to tV; that is, as the gravitating 
forces at the comet and earth (for thefe lines would be de- 
fcribed, by falling bodies in equal times, by ihcfe fort.^es)j 
that is, as SP to hypothcnufe fquare: and therefore BE : tV 
: : BS X SP : hypothcnufe cube. 

Parlhcr (Fig. 70 ); bccaufc of the immenfe diflance of S, 
any of the points B, i, g,, are nearly in the curve of the pa- 
rabola,^ and g, the vertex, and gp, iA, qo*, nearly parallel. 
Therefore < Jgi = (by reafon of the redangle ligA) < pgL, 
or =: SgL. Therefore g[ is the diameter to the vertex g ; 
alfo ^(7 = (by conftrudion) dS^r + 3iA =: :5Sff + sTg = 
.‘jStr + 3gp (bccaufe liOcr ~ 3gp) .3817 + 20 ( 7 ; and there- 
fore ^0 5 S (7 4- 30(7 ~ 30S. But gO : Jg : : pj* : Ip. 

But g,l is bifedted by iA ; therefore Ip z: 2lA ; and ptr =: lA 
=: |lp (fince U = 3lA, by conflrudion) ; therefore g,0 = 
|gl. Whence (by lem. 8 ) a line drawn from I divides the 
chord AC nearly as the time; whence BE drawn towards ^ 
is rightly drawn. But (by conftrudion) new BE : former 
BE : : BS^ : Sg, 4- |iAf : ; as the gravitating force at the 
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diflance S/* + {iA : to gravitating force at the diftance B or 
ft : : fpace fallen through at the diftance S|x + in the 
time of deferibing the arc |A|xC : fpace fallen through at B 
or in the fame tiflsie. But former BE equal Ipace fallen 
through at Therefore new BE — fpace fallen through at 
the diftance S/x + ^iA, in half the time the comet deferibes 
the arc intercepted between TA, tC := (by lem. 1 1) iX, or 
this new BE, nearly; which, therefore, is rightly determined 
nearer than before. 

Becaufc the diftance of the fun and comet is fomething 
more than the hypothenufe of the triangle, whole bale is S/x, 
and perpendicular 10 (becaufe O is only a point in the chord, 
which ihould be in the arc), therefore he fuppofes that dif- 
tance n: hypothenufe (whofe bale is -f 2,;^^ and perpen- 
dicular 10 , that is) = DO. Alfo MP : X : : (by conftruc- 
tion) : VOD : : (by cor. 6 , pr. If), 1.) velocity of the 
comet at the diftance DO : velocity thereof at diftance St : : 
fpace delcribed (uniformly) at the diftance DO, and in the 
time of deferibing the arc ABC : fpace delcribed (uniformly) 
at the diftance St, in the fame time, which is equal X, by 
conftruaion ; and therefore MP = fpace delcribed (uniform- 
ly) at the diftance DO (in the time that the arc ABC is de- 
feribed) = (by lem. 10, cor.) to the chord of that arc. 

Tlie points c, a, c, g; and f, y, being found out as 
E, A, C, G, before, is with an iuteutto find, atlaft, MP = 
MN, or AC = AG. Wherefore fevcral of them being thus 
found, and a ftmplc curve (viz. a circle) drawn through thefe 
points, finds the points Zt and X, where thofe lines would be 
equal; for the nearer they approximate to equality, the nearer 
they come to the true points of the comet s orbit. 

Farther; velocity of a comet at Q (in a parabola) : velo- 
city of a comet gt Q (in a circle) (by cor. 7 , prop. I6, I.) : : 

: 1 : : (nearly as) ^ : 1. Allb velocity at Q (in a circle) 

: velocity at t (in a circle) (by cor. 6 , pr. 4 , I) : : -s/^t . \/SQ. 
Therefore, cx equOy velocity of the comet at Q, in a parabola 
: velocity of the earth in its orbit at t : : y\/St : -y/SQ. Bnt 
velocity of the comet at Q : velocity 9 f the earth at t : . (near- 
ly as) AC : Tt. Therefore AC : Tr : : jV'St : v^SQ; or 
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AC : iTt : : v^St : v'SQ. As it is by conftru($lion (for AC is 
to ^Tt in the reciprocal fubduplicate ratio of SQ to St, and 
not in the direft fubduplicate ratio, as is falfely printed) ; there-: 
fore Q is (nearly) in the chord of d# parabola, and B a 
point of the comet’s orbit, nearly. 

Laftly ; if MP = MN, or AG = AC ; then Yb : YB : : 
Yc : YE : : ac : AC : : velocity in b : velocity in B : : v/SB : 
v'Sb. But if Sb r: SB and MP or AG invariable, it will be 
Yb : YB : : as ac or AG : AC, when the point G falls in CY. 
Therefore, univei'fally, Yb : YB : : AG x v^SB: AC x v^Sb 
: : MP X \/SB : MN X v/Sb, to hnd the point b true. 

[Ib.p. 277, tnay be feen in the following table.] The places 
of the comet in this and all the other tables are the geocenlria 
longitudes and latitudes of the comet. 

[lb. p. 2S3. And thinking, &c,] In Plate 18, while the 
comet paifes through 1, K, L, M, kc. the earth palics from 
between P and K towards G. Whence the comet will move 
fwift through LKL and IS OP; flower through LBM and 
QKS, as is laid in the foregoing p. 282. 

[Ib. p. 285, as about 6 to 1000,] for, by p. 274-5, — 

6, nearly ; when earth’s difl. 1000. 

[Ib. p. 290 , I (Pig. 71 ) found, that at the height, &c.] 
Let SA == rad. earth 20950000 Engliflt feet, nearly, AB z= 
850, AP = AS, and the denfitics AH and Bl are as 33 to 32, 
But (by cor. 2, p. 22, H.) Aa — Bb : Aa — Pf : : thin : thnz ; 
that is, AB X SF, or 2AB x SA : AP x SB, or SB x SA : ; 
thin : thnz; or 2AB : SB : : thin : thnz; that is, 1 : 12324 : : 
thin : thnz : : (by fchol, pr. 86, hyperbola) log. St — log. Su 
: log. St — log. Sz :: ,013364 : 1.518514 — log. Sz, 
Whence log. Sz — 164.820578; and SZ or PN =: 

ciphers ) ()6 . Wherefore FN : AH : : 66 : 33 : :, 

or as 2 : 10’®^ : : 1 : ; : denfity in F \ denfity in A. 

But the diameter of Saturn’s orb is = 19 I times the femi- 
diameter of the orb’s magnus =: 19 I X 20000 radii of the 
earth = I 9 I X 20000 X 20950000 X 12 inches = 96 0‘^ 
-f inches. And a fphei;e of 1 inch diameter : to this fphere 
: : a? 1 : 1 : 88 0'' + ; but 10'^+ > 8 0’^ There-i 

fore, &e, 
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[Pr. 4S.] the corredion of the orbit here given is*com- 
puted by the Rule oF Falfe ; ift, for the longitude of the node, 
by operation 1 and 2; and, 2dly, for the inclination of the 
orbit, by operation 1 afed 3. 

I. for the longitude of the 'node; fince (by conftrndion) 
time of defcribing D : time of defcrihing E : : D : E : : G : 1 ; 
and(time ofdefcribing E, nearly zz) time B : time A : : 1 : 
C ; therefore (ex equo) time of defcribing D : time A : : G ; 
C ; therefore G — C Is the error of the times between the 
firft and fecond obfervations, for the given longitude of the 
node K, and the given inclination of the orbit 1. Again ; 

Time of defcribing d : time of defcribing e : : d ;e : : g : 

1 ; and time of defcribing e (nearly i=) time B : A : : 1 : C ; 
therefore time ofdefcribing d ; time A : : g : C ; and g — C 
is tlie error of time between the two frit obfervations, for the 
longitude K + P, and inclination I ; therefore, by the Rule 
of Falfe, by two politions (which fays, diff. cr. : dilf. pofi- 
tions : : either er. : corre(5tion of its polilion), G — g : G — C 

. . p : p — the corredion of K ; or the computa- 

tionmay be thus: fmee to the fuppofition K and K + P 
tlie errors between the lirll and third obfervations in thefe 
two cafes areT — S, and t — S, therefore 1 — t : T — S : ; 

p • ^ — I,, p r: the fiime corredion of K ; therclorc inP 
1’ — t 

(is lobe) = Y^jP therefore mT — 

mt zzT — S ; and mG — mg = G — C. 

II. For the inclination of the orbit, it is plain T S =: 
tfirft error of the times between the Hrft and third obfervations 
to the given node K, and inclination 1 ; and r ^ ~ error 
between the firft and third obfervations to the node K, and in- 
clination I + Q. Therefore (by the Rule of Falfe) T — t : 

T — S • • Q • Q = correiflion of I. Again ; this time 

of defcribing J : time of defcribing e \ i ’ y- 1 ; and 
(time of defcribing e = nearly) time B : A ; : 1 : C : ergo 
time of defcribing } i A : : y : C ; thci;elore y ■ C — error 
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of the limes between the brft and fecond obfervations to 
the node K and inclination I + Q ; and G — C was the 
error between the Ml and fecond obfervations to the node 
K and inclination 1 ; therefore (as before) G — 7 : G — C 

, Q n 

. ; Q : Q z: coneflion of I ; therefore iiQ (muft be) 

G — y 

Lzi ® Q = ^ ~ - Q ; and nT — nr = T — S, and 
T — T G — y 

nG — ny = G — C. Laftly; from ( 1 . and II.) 2T — 
2S = mT - mt + nT — HT ; and 2G — 2C z: mG - mg 
+ uG — ny ; tlierefore the numhers m, n, are riglitly found. 

[Ib.and, laftly, if in — ] beeaufc tlic longitudes in th'c ftilL 
and fecond orbits are K and K + mP, therefore the lalus m- 
tevvillhe 11 and R + ”R X m ; and becaule, in the 
firft and third orbits or planes thereof, the inclinations are I 
and I + nQ, therefore the lutus rcflums will be R and R + 

X n ; or R + r— R X m, and R + r — 11 x 
fla + ^ — R X n. 

Or thus; if the longitude K be inercafed (in op. I, 2) by 
P, then (becaufe the dillauce of the perihelion from the fu/ 
is hicreafed accordingly) the ktus nQum will be inercafed 
by r — R ; and if the longitude be iiicreafed by mP, the latu^ 

rdlum will be increafed by mr- H. And, for the fame 
reafon (in op. i,3),if theinclina^^ncreafed to nQ, the 
lotus rdium will be increafed to JN^ — R (for at the increafe 
Q the increafe of the lotus n&mn is z: { — R, fince the 
wholeisf.or R + therefore if both longitude 

and inclination be increafed, the lotus reamn will be inereaf- 
ed in both ihefe refpe6ls, and will become R + nir — mil ’ 
+ nj — nR. 

Alfo when K becomes K + P, the tranfverfe becomes 
' "r alfo when K becomes K + mP, the 

L + 1 — R ^ 

tranfverfe becomes - — =L==f : for the fame reafon, when 
Jui + m.l — It 

1 is increafed to I + nQ, the tranfverfe is 
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Therefore when both longitude and inclination are increafed, 


the tranfverfe will then be - — ; j— — j — ; — r-« 

L -f nil — iiiL + iiA ~ n L 

[Ib. fell. p. tlie comet] for, by [>. -28 j, comet’s dift. : 

eartli’s dill: iVom G : : : ^000 : : dill, comet in Q diameters 

: (earth’s dill, in O diam. “) 109 O diam. ; therefore 


comet’s dift. from the fun’s centre = 
and from iU furlacc zz ,154diams. 


0 .) 1 

1000 

1 


Go4 diains. 


fun's diameter. 


£iid of the Comment, 













OP 

SIR ISAAC NEWTON, 

j^GAlXST THE OBJECTIONS THAT HAVE BEEN MADI^ 
TO 

Several Parts of the Priiy:ipta, 


Raro antccedentcm fceleftum, 

Deferuit pede poena claudo. Hor. Lib. III. 


X HIS incomparable Treatlfc being written in a concife 
llyle, and in the fynthetic method, and being upon fubjeds 
quite new and untouched before, the generality of readers 
could make little of it. As it contained a new fyftem of phi- 
lofophy, built upon the moft fublime geometry, the greateft 
mathematicians were obliged to ftudy it with great care 'and 
attention, and few became mafters of the fubje6l ; fo that for 
along*,lime it was little read. But, at 1 aft, when the value 
of it became more known, it gained univerfal approbation, 
and the whole world ftood amazed at the numberlefs new dif- 
coveries contained therein. And, upon account of its uni- 
verfal agreement with all the phaenomena of nature, it w’as 
adopted as the only true fyftem by all, except fome few that, 
through envy or ignorance, were bigoted to fome other 
fcheme* 

It is true, many things therein depend npon very difficult 
mathematical computations not eafily comprehended by every 
reader; and this has given occafion to fome people to 
queftion, or even deny, the truth of feveral propofitions laid 
down in this work; and have therefore given computations of 
their own, different from his, which they affert for truth, and 
thereby, as they think, proving his to be ffilfe. I ffiall, there^, 
lore, fpend a little time in anfwering the moft lyaterial of thefe 
objeaions, and flialllhew that thefe prinniples objeaed againft 
VoL. III. N 
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are all time in the fenfe Sir Ilaac meant them ; and that 
thefe objedions are only the eftedl of their own ignorance or 
inattention. 

J, Bernoulli (tom. IV. p. 340) thinks Newton’s demon- 
ftration of cor. 4th ^ the laws is iinperfed, where he fays, 
only the adion of two bodies is confide r ed ; and lays down a 
method by which he thinks it may be fully demonflrated ; 
but at laft leaves it undemon ftrated himfelf, and tells you that 
this is the foundation, but leaves the calculation for others to 
make out. 

But Sir Ifaac Newton, after he had (hewn the truth of the 
cor. in two bodies, Ihews that the common centre of gravity 
of thefe two bodies and a third will either he at reft, or move 
uniformly in a right line; and from thence that the centre of 
gravity of any two (in a fyftem of bodies) fullers no change 
of ftate by their adions upon one another. From whence it 
follows, that in the whole fyftem all thefe adions (compolbtl 
of the adion oi' every two) can induce no change ; and if the 
adions of any two make no difference in the centre of gra- '• 
vity of the whole, feparately confidered, then the adions of 
every two confidered colledively can make no difference. 
This is certainly fo, though delivered in a few word^t Sir 
Ifaac was not writing to children. f 

The fame Bernoulli (p. 347) objeds againft the 10th pr. 
b. II. for not being folved in a way general enough to pleafe 
him. Here Sir Ifaac has folved the problem according to that 
law of refiftance which really exills ; but could not fpare time, 
or fill up his work with ufelefs enquiries, or things of no con- 
fequence. His noble llrudure, the Principiuj is all gold; 
but he has left the drofs for fuch authors as thefe, who are 
fond of any thing, and will ferve well enough for building up 
their fyftems. This author in particular is always depreciating 
Sir Ifaac, and extolling his own performances; though they 
are long, tedious, and laborious to the laft degree, and often 
falfe ; although he has the advantage of the analytical and 
fluxional methods, and feems to be ignorant that the method 
of analyfis by, which he (Bernoulli) folves thefe problems is 
incomparably Ihort^r than the method of compofition in 
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which Sir has written. Had he written the Principia 
in the analytjl way, or according to the method of Fluxions, 
a fcience then utterly unknown to the world, it could not 
have been read by any man living. By tlie fame way of rea- 
foning, thisboafting mathematical bully |piy as well condemn 
Euclid's Elements, or yJpol/onius's Conics, becaufe moll of 
the propofitions may be denionllrated incomparably lliorter 
by common algebra. 

This Author fceins to have a particular fpite againft the 
EnglilhmathemaLicians, being always carping and criticifing. 
His works are full of invetTivos againft Sir Ifaac Newton for 
his great difeoveries, whic^h this low critic is unfuccefsfully 
endeavouring to imitate. When one perfon has another 
man’s works to look through, he mull be a great blunderbufs 
that cannot make fome liiiall additions: a man placed upon 
another’s Ihoulders will fee farther than his fupportcr; yet in 
many cafes he has difimproved Sir Ifaac Newton. Sir Ilaac 
had a work entirely new to execute, in a fliort and general 
way, and could not take notice of every bauble : this author 
has had nothing to do but to imitate. The regular works of 
the one will live tlnough all ages ; but the confuted chaos of 
the otifcr will fink into cvcrlafting oblivion. 

The fame author (p. 484) alfo objects againll the demon- 
llration of the 36th prop.'b. II. For, lays he, Jince in Nexv- 
ton’s catarad there is no comprcjjion of the zoater in any place, 
nor againji the fides of the catarad, the external xcatcr pref 
ing inwards xnujl dijlurh the cataraB, and mix with it ; and, 
therefore, the Newtonian explication being contrary to the 
laics of Hydrojiatics, cannot fuhfifi. Yet what Newton fays 
(cafe 1) might have latisficd him. His words are; For let 
the ice in the veffel diffolve into zvater, yet will the ejjlnx of the 
xcatcr, as to its velocity, remain the fame as btfore. It tcill 
not be lefs, becaufe the ice, now dijfolved, will endeavour to 
defeend: it will not be greater, becaufe the ice, now becom% 
xvater, cannot defeend without hindering the def cent of other 
xcatcr equal to its own defeent. But this author is eternally 
cavilling at every thing ; and all his whole f^aion on this 
hibjea, confiilmg^of about 100 pages, wh«ie he has toffed this 
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problem about into all forms, is nothing but a of abfurd, 

inconfillent fluff, neither agreeable to theory nOT experiment. 

So we fhall leave him here drowned in a gurges of his own 

contriving. 

‘ In the demonftr||lon of prop, 47> b. II. Sir Ifaac Newton 
alfumes for a principle, that the parts of the air have a motion 
excited in them, by fome caufc or other, according to the laws 
of an ofcillating pendulum. But Euler has found fault wnth 
him for making fuch an hypothefis ; and has himfelf aflumcd 
fome different hypotheles, from which he has pretended to 
demonflrate that the motion of the particles of air are moved 
according to fuch hypothefes; and that his demonflration 
for his hypothefis is as valid as Newton^s is for his. But Sir 
Ifaac Newton’s hypothefis is more than an affumed one, for 
it is true in fad; for any tremulous or vibrating body from 
which found is propagated is known to vibrate according to 
this law, affumed by Newton ; and the like motion is com- 
municated to the particles of air. Therefore he has rightly 
affumed that the medium has fuch a motion excited in ilf 
and confeqnently that it will continue to move according to 
that law. But there is no fuch law of a vibrating ^ody as 
Euler affumes, and therefore his demonftrations come to 
nothing. To find the velocity of found is a very fubtlc pro- 
blem ; and they that would fee it truly refolvcd may find it 
in my book of Fluxions, prob. 23, fed. 3. 

In b. II. prop. 52, Sir Ifaac Newton has inveftigated the 
properties of vortices, in order to fee whether the celeftial 
motions can be accounted for thereby ; and he has Ihewn 
that the celeftial bodies are not carried round in vortices. But 
J. Bernoulli, a perfon of eternal contradidion, has under- 
taken to defend the notion of vortexes, though fhewn to be 
abfurd and impoffible. Let him frame what hypothefis he 
will for the planets, he muft find vortexes meeting one ano- 
ther for the comets, that move all manner of ways. There- 
fore, to clear this point, he muft have his vortexes made ot 
fuch fluid matter as has neither fridion nor refiflance, and 
that one partt be penetrable to another part ; lhai is, fuch a 
fluid as cannot be ibund in the world. Such is the blinded/ 
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bigoted, ^^dice of fome people, that the cleareft demon- 
Orations (®mot cure their madnefs. If any body afks one of 
this ftamp how the planets move round, they prefently an- 
fwer, in vortexes. But afk them what caufes the vortexes to 
move round, here they are at a fland|< and have nothing to 
fay, but that they move by their own nature : but they 
might as well have faid at firft that the planets move round by 
their own nature, if they can give no better account of 
them, and fo fave the labour of conftruding thefe ufelefs 
vortices. 

Another author that is vortex-mad, is Euler, and he feems 
to go beyond any of the reft, for he cannot account for the 
rifing of the tides without vortexes; but he has not (hewn us 
by what extraordinary mechanifm, or invifible wheelwork, 
his vortices are conftituted, fo as to be able to produce the 
tides, or caufe the motion of the comets, fince thefe vortices 
muft all run counter to one another, and penetrate one ano- 
ther, and yet miraculoufly preferve their motions entire. 

This idle notion was firft introduced in the time of igno- 
rance, upon the fuppofition of a fugu xacuif or that nature 
abhorred a vacuum ; but, by our better acquaintance with the 
natui'e and properties of body, and the laws of motion, we 
now know that the operations of nature cannot be performed 
in a plenum, and therefore a vacuum is abfolutely nccelTury. 

If we had known of no celeftial bodies but the planets mov- 
ing all one way, the fuppofition of a vortex to carry them 
about, clumfy as it is, might have palTed for pofiible ; but 
one would have thought that the comets moving all manner 
of ways would have cured this delirious notion, and have 
taught them the impoflibility of fuch a fcheme : but thefe 
authors, thefe defenders of vortices, are fo hardy, that they 
arc not at all afraid of an abfurdity or a contradiction. Thefe 
things do not affeCl or touch them in the leaft ; but they go 
on unconcerned in their ufual way, though contiary to all the 
laws of nature. 

Bid I fay that the theory of vortices had its original from 
the principle oisifuga vaciii? I did. And ^he principle of 
vacui had its rife from the phsen^mena of water rifing 
N S 
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in pumps and fiphons, as in the Torricellian ^meriment*^ 
Here, for want of ' trying fuch experiments toWeir full ex- 
tent, the principle of o.fuga vacui was aflumed by thefe phi- 
lofophers as the genuine caufe of thefe cffedts ; fo that, upon 
DO better a footing than this, though the true caufe of thefe 
efFeds (the external preffurc of the air) be now perfedly 
known, yet with thefe bigoted people the fame falfe principle 
Hill exifts. 

Thefe philofophers (if they can be called fuch) are endea- 
vouring, contrary to the nature of things, to find out the 
moft complicate caufes for explaining the phaenomena, in- 
Head of feeking the fimpleft caufes; and they feem utterly to 
rejedf' all limple caufes, which are the greatell beauty of 
nature ; for if their brains were not turned round in a vortex, 
they could never prefer thefe complex vortical fchemes before 
the fimple dodlrine of projedile and centripetal forces. Such 
Philofophers ! 

Sir Ifaac Newton had fhewn, in the fchol. of prop. 14, b. 
III. that the aphelions of the interior planets move a little i?i 
eonfequentia (by the actions of Jupiter and Saturn) in the fef- 
quiplicate ratio of their diftances from the fun ; but Bernoulli 
fays this is falfe, for it holds not true in Saturn ; and }'e't Sir 
Ifaac tells him exprefsly it is the inferior planets that obferve 
that law. So little do fome men care what they write, if they 
can only put on an air of contradi6lion. 

In finding the proportion of the axis and diameter of the 
earth, prop. 19 ^ b. III. SirJfaac afiumesthem to be as 100 
to 101, and from thence, finds the excels of weight in one 
4 

above the other to be — parts, Therefore he makes this 
505 ^ 

proportions^ : : the force the true excefe 

of height. Yet fome people have obje6led againfl; this as a 
wron^ way. nfiut herein they are much miftaken ; for if any 
forc^be increafed, the elfe6l will be increaled in the fame 
ratio ; and therefore iricreafing the cent/ifugal force here 
will increiEt||^thq, difference of the heights in the very fame 
proporti<j4/<aa thefe /quantities are very fmall. Upop this 
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account/ Alfte people have unneceffarily run into long cal- 
culations, only came, at laft, to the fame conclufion. 

And the fame argument holds good againfl fuch as have 
objeded againlt finding the height of the tide (cor. prop. 36, 
b.lll.) by the rule of proportion, comparing it with the cen- 
trifugal force ; for all forces of whatever kind will produce 
proportional to the quantities of thefe forces ; and there- 
fore he has rightly found the height of the tide by that 
proportion. 

But Sir liaac Newton^s explanation of the tides (prop. 24, 
b. 111.) does not pleafe Euler, though he accounts for every 
circumftanee thereof. He thinks afcribing thefe effeds to 
the adions of the fun and moon is recurring to occult caufes, 
and therefore he had rather recur to 'cortexes for the expla- 
nation thereof, the notion of which has been confuted over 
and over. He denies the gravitation of bodies towards one 
another, becaufe he cannot difcover the caufe of gravity ; and 
therefore he will not allow it to have any thing la do with 
the matter, as being an occult quality. But bjb recurs to a 
principle that is more than occult, his incomprehenfible vor- 
tices, which he thinks the tides are railed by, though he 
has not attempted to explain in what manner his vortices 
can do it. 

He fays, Sir Ifaac Newton’s account of the tides is not fuf- 
ficiently explained, that any certain judgment can be formed 
whether it is true or falfe; that he did not explain the phae- 
nomena of the tides/ but only darkened them. But certainly 
this man does not know what he writes, or does not care what 
he writes. Sir Ifaac explained all the principal phaenomena 
thereof, and has lliewn that his theory is agreeable to obfer- , 
valions both in nature and quantity; and all matters of lefs 
note may be eafily deduced from his general theory by any 
intelligent perfon. But Sir ifaac did not choofe to erect any 
pontes afinorum, * 

This author values hirafelf very much for reje(^ng th^^in- 
ciple of atiraSiion ellabliftied by fome Englijhmin,hec3i\\£e it 
is an occult quality. This profound Philofo^feaJ|^ll either 
know every thing or nothing; he willj^make <>f the 

N 4 
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forces of gravity, becaufe he knows not the caufe of gravity. 
For the very fame reafon he would want to knoW%he caufe of 
that caufe ; and fo he mull know every thing in the whole 
chain of caufes and effeds, or he cannot be fatisfied. This 
.odd temper in fome men arifes from the pride of the human 
mind, which attempts to foar above its fphere. They dif- 
dain to know the little matter that is within their power to 
know ; whillt they are continually afpiring at things that are 
without the reach of their knowledge ; things for which they 
have no faculties fuited to underlland, and no data to deter- 
mine. This is not to philofophize, but to trifle. 

As this Gentleman takes tlie liberty to fnecr at the Englijh, 
he may pleafe to Hay and take this obfervation along with 
him, — that, if it had not been for an EngliJhmaji, he (and 
fiich like) had known nothing. To him they are beholden 
for all thefe great and wonderful difeoveries which all the 
world acknowledge and praife him for, except thefe fons of 
detradion, envy, and ingratitude; difeoveries that may 
be looked ^on as the works of a genius rather divine than 
human* 

The'EngliJh have found, by experience, that, by the power 
of fome caufe or other, all bodies are drawn or impelled to- 
wards one another according to certain laws; and thefe laws 
are found out by obfervations, and a juft reafoning from the 
laws of motion. This caufe, be it what it will, they call gravitij, 
without pretending to determine of what kind it is. If this 
aumor knew the phyfical caufe of gravity ever fo well, he 
would be no wifer ; for the effedls of it would be juft the fame ; 
and we' can meafure the effedls of gravity, and from thence 
ftnd the quantities and proportions of the generating force.s, 
without knowing what. thefe forces confift in; fo that the 
knowledge of fuch a caufe would be only a ufelefs fpeculation. 
But this author is fo fearful of occult caufes, that he dare not 
ma^ufe of |heir manifi^(l effects ; and condemns the Englilh 
at iKk for Delieving their own eyes that there are fuch efteds 
Bowing fom this unknown caufe, which they have agreed to 
callgmi®i|^)^r it appears to them that the ‘effeefts thereof 
are all dll^ey hay® any thing to do with. Sir Ifaac New- 
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ton tells hiai> more than once, that he does not take upon him 
to define the kind or manner of a8ion, or the caufes or phyfical 
reafon thereof; but this author cannot take it in. 

Some peribns, when they can find nothing eUe to fay, have 
cavilled about the term gravity , and fo their objedions are 
dwindled to a difpute about words, and not things. I fuppofe 
every thing in nature, that we have occafion to make the 
leall ufe of in our difeourfe and rcafoning, be it known or un- 
known, ought to have a name given it to diftinguifli it from 
other things, and to convey our meaning to others ; and thus 
the caufe of the acceleration of bodies towards one another 
is exprelfed by the word gravity y and the adion itfelf is called 
gravitation. The word attradliou is ufed in the very lame 
lenfe ; that is, not in n phyfical hul mathematical fenfe, which 
regards only the quantity of the caufe. That thefe terms are 
the moft proper that could be chofen, will appear from hence : 
the word altraSHon is taken from its moft manifeft ijuality ; 
for a body moving towards another with an accelerated mo- 
tion has all the appearance poflible of being drawn towards 
that other by feme inherent virtue in the other. The word 
gravity has evermore exprefled the tendency of a heavy 
body to the earth ; and, therefore, by parity of reafon, will 
as properly exprefs the tendency of the moon towards the 
earth, or of the earth towards the fun, or of any body towards 
another body. 

Suppofe this philofopher, or any other of that fort, was 
afked to calculate the times, fpaces, or velocities of falling 
bodies (which is the moft fimple cafe that can be propofed 
about gravity), would not any body juftly laugh at him, if he 
. Hood to demur about it, and refufe to calculate till he knew 
whether their falling was caufed by attra61ion, impulfion, or 
the rotation of a vortex ? And would not he equally delerve 
to be laughed at, that ftiould hefitate to calculate the mo- 
tions of the moon, or of the e^fth and planets, or of the 
tides, upon the fame account, when they are all upon 
by the fame Mnknown caufe of gravity ? ^ 

But, to return to the tides. This Euler) tells 

us, that Newloa’s method is errouec^s, by whfeh he found 
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the fea to rife to the height of near two feet, by the fun^s 
force only ; and fays, that Newton found out this enormous 
efFed by comparing the fun’s force with the centrifugal force 
of the earth. This has been anfwered before ; and certainly 
this Gentleman knows little about the nature of forces, if he 
does not allow that two equal forces, of however different 
kinds, will always have equal effeds ; and proportional forces 
proportional effeds, efpecially in their nafceht flate ; for it 
is not the kind but the quantity of force that is to be re- 
garded : therefore Newton rightly found the folar tide near 
two feet, and the lunar tide 8| feet, agreeable to experience. 
But, to fhew you what fort of a theory this Gentleman works 
by, he finds the folar tide only half a foot, and the lunar 
tide feet; in all not three feet ; which all obfervations con- 
fute> and, with it, his erroneous method of computation. I 
have met with nobody yet but what makes it at leall three, 
times as much. 

He alfo tells us that Newton found out the forces of the 
fun and moon by help of the tides ; but he has not done it 
accurately : and yet Newton took in every circumftance 
that could any way affed it, as may be feen in prop. 37, 

b. III. 

Having had occafion to compare different kinds of forces 
with one another, I will venture to lay down this as a general 
rule, — that all forces whatever, whether attradive orimpulfive, 
ccDtfipetal or centrifugal, or of what kind foever, if tliey he 
equal, they will produce equal effeds ; and, therefore, how 
idle muft it be for thefe men to wrangle about the kind, when 
the quantity only is concerned in the effed, and can only be 
of any real ufe to us in our calculations ! The enquiry after . 
the kind and modus of adion is a phyfical or rather a me- 
taphyfical fpeculation, the knowledge of which they can never 
come at. 

It has likewife been objeded, by feme perfons, that the 
two examples of Newton for finding the tides are ill chofen ; 
but,however, hehad no more to clpofe from, and by their near 
agreement it fliews they were well chofen. Ew/rr tells you, 
that, at Htwre de Gra^e, the greateft and kaft tides are as 
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17 to 11 ; and therefore the fun's force to the moon's will 
be as 17 — 11 to 17 + Il^or as 6 to 28; or, as he makes 
it, as 7.13 to 28, which is about as I to 4; a proportion not 
very dilferent from Newton's. Dan. Bernoulli fays, that, at 
St. Malo, the greateft height to the leall is as 50 to 15, 
which makes the fun's force to the moon’s as 35 to (55, or 
as 7 to 13, not fo much as 1 to 2 ; a concluiion utterly ineon- 
fiftent with all other obfervutions ; which argues that the 
obfervatioii has not been made with fufficient accuracy. 
However, tliis is certain, — that, if any place can be improper 
forfuch an experiment, this place is, by reafon of the very 
extraordinary tides; for here the tide, being hurried up a 
long channel growing continually flraighter, is forced up 
to an unufual height. 

However, I cannot think that itfignifies a great deal where 
or in what places thefe experiments are made, provided the 
lea be deep, and have free accefs and rccefs to and from the 
place of obfervatioii ; for though the tides be higher in one 
place than another, the fun and moon con fpire alike to that: 
for if the water be accelerated in any degree by the moon's 
force, it will likewife be accelerated proporlionably by the 
fun’s force, fo that the refull will be nearly the fame. 

I cannot but be furprifed, that, in fo material a point as this, 
no perlbn has been fent purpofely to proper places to mike 
oblervations ol the tides; fince by this method only the 
forces of the lun and moon can be determined to any tolera- 
ble degree of exa^nefs. No celeftial obfervations can allift 
us in this matter: aftronomy affords us no help; and there 
feems to be no way for us to gain this great point, but this 
method by the tides. The forces of the fun and moon are fo 
very fmall, in refpedl to the force of gravity, that no com- 
mon hyd^ollatical experiment can ftiew us the lead effeds 
thereof: it is only in the tides that their effects become fen- 
fible. 

The forces of the fun and moon reach to the very centre ot 
the earth, and ad upon every point of the radius or column of 
water under them, and diminifti the gravit^^ of every particle 
thereof; and all tliefe forces confpire together to raife the tide ; 
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and therefore the radius of the earth becomes the proper 
fcale for all thefe forces to adl on. And we cannot fee the 
total effcdl: of all thefe forces, unlefs we have a depth equal 
to the whole radius of the earth, or an extent of fea of QO 
degrees ; and this cffed on the tides, when at the greateft, 
, will then only amount to a few feet. 

If I was to give dire^lions for making obfcrvations on the 
tides for this purpofe, I would advife to choofe fome place 
near the equinodial; as, on the coafts of Africa or America: 
and the place would be moft advantageous where the Ihn and 
mobn are in the zenith at the lirft obfervation ; and in the 
horizon at the fecond, for the fpring tides ; and one in the 
zenith, and the other in the horizon, for two obfervations at 
the neap tides : and fuch places fliould be chofen where the 
fea is of large extent, and deep, fo as to communicate freely 
with the place, backward and forward. Such places will be 
bell in a calm country, and performed in calm weather; and 
all circumllances of weather fliould be alike (as near as can 
be) at any two correfpondent times of obfervation — the fy- 
zygies and quadratures. Thefe obfervations fliould be made 
at the fyzygies and quadratures, both day and night; and 
alfo when the tides are highell and lowell, which is three 
days after. But, for fome purpofes, trial fliould be made 
every day ; and the bufinefs of trying at the lyzygies and 
quadratures fliould be continued for a twelvemonth: and more 
places than one Ihould be tried. Perhaps fome ifland in the 
middle of the fea, as St, Helena, may be proper; for the 
weather is likely to be more uniform than on the continent. — 
Having thus gained a fufficieut number of obfervations, the 
beftmay be fele<5led, and a mean ratio found, by which this 
matter will be finally determined. 

There are fome people that objedl to this method of finding 
the fun’s and moon’s forces by the tides ; and reckon it very 
precarious, and fubjedl to many obftacles and intervening 
caufes, by which the tides are perpetually influenced and dif- 
turbed; as if everything had not its difficulties. The only 
diflu rbing caufe is the wind : yet they can tell us of no other 
method, but what is more, precarious, more impradlicable, 
and lefs exaiSl. So ral^h of the tides. 
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The 39th prop, is about finding the preceffioti of the equi-^ 
noxes: againft this, being a problem of great difficulty, ob- 
jedions have been raifed by feveral people; alleging, that it 
is not truly demonftrated. Mr. Simpfon is among this clan j 
and he abfnrdly makes the preccffion by the fun’s force alone 
to be 21" Cf', which is double to Sirlfaac Newton’s : the confe- 
quencc of which is, that the motion by the moon’s force will 
be only ; fo that, by this, the moon’s force will be to the 
fun’s only as 1|- to 1 : yet he fays, in another place, that the 
moon’s force to the fun’s cannot be lefs than to 1 : fo incon- 
fiftent and erroneous are his operations. But this has been 
taken notice of before in the Comment. But the moon’s 
force muft be greater than for, in all obfervations of the 
tides that have been regularly made, the moon’s force is 4, 
or more: and it is hardly poffible, in any obfervation of the 
tides made with any tolerable degree of care, to mifs near a 
half. They that would fee the preceffion of the equinoxes 
truly calculated, will find it in prob. 0,6, fe<5l. 3, of my 
Fluxions. 

Other objedions, of lefs moment, I pafs over, as their 
malignity and falfehood will appear to every reader; fuch as 
the abfurd opinion that motion cannot be loll in the world 
(concerning which, fee my Mechanics, 4to., prop. 10, and 
cors.) ; alfo the falfc opinions of thofc that deny that the com- 
pofition and refolution offerees are analogous to the compo- 
fition and refolution of motions, which are their adequate 
effeds ; their cndlefs cavils againft bis method of demonftrat- 
iiig any propolition, which is the fyntlielical, preferring their 
own analytical methods, as being lliorter, which is no won- 
der ; their introducing into pbyfical calculations an obfeure, 
precarious law or force, called vis viva, founded upon no cer- 
tain principles (concerning which, fee my Mechanics, 4to.,. 
fcbol. to prop. 11, where the nature of it is unravelled); their 
qpromifcuoufty ufing the words force and motion for one an- 
other, which are as different as caiife and effed, which in- 
duces no fmall obfeurity into their writings ; their aferibing 
the invention of Fluxions to Leibnitz, conirary to the cleareft 
teftimonies: and fome of them tell^, that, not he thatfirfi 
found, but he that firft publijhed it deferves the praifci if 
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^the piibliflier could have publiQied it all, if the inventor had 
not firft found it out. fkre the inventor is robbed of liis due 
praife, to refign it to the thief that ftole it : and, in general, 
their aggravating every trifling flip as a caphal crime ; and, 
inftead' of praiflng him for what he has done (which is more 
than all the world ever did befoiej, they difpraife him for 
what he ha^ not done, or had not time to do ; and lampoon 
him, becaufe his time or his knowledge was not Injiniic. 

But if any body fliould a(k what any of thefe Bravos have 
done fince ? the anfwer is this — Nothing at all, or lefs than 
nothing : they have been turning fcience backwards ; for 
they have been doing nothing but undermining his principles 
(though built upon the furell foundations), to introduce their 
own chimerical hypothefes, that have nothing to fupport 
them but impudence, ignorance, and prefumption ! 

At the end of the Principia, Sir Ifaac Newton has given us 
his thoughts of the Deity. Here he (hews that God is an 
eternal, injinite, and powerful Being; that all the fr^riare of 
nature isowing to him, which he made, and governs: and, 
from the limilitude of all the parts of the world, he fliew's 
that God isowt;,* that he is a Being adting mth cotmcil and 
dejlgn, and with the greateft zvifdom; that we have ideas only 
of his attributes, but know nothing of his fuhjtancc, nor after 
what manner he ads or does any thing. Indeed, we know 
nothing of the fubftance of any thing, much lefs of God ; 
and as we cannot conceive of fpace and time, but as necefla- 
rily exifting, much more muft we allow that God exills ne- 
celTarily ; and, confequently, that he exifts always, and every 
where, and that not partially, but totally. In fhort, he has 
laid down the bell metaphylical notions of God that can be 
met with any where. 

But M. Leibnitz will not allow that God has in himfelf 
(much lefs other animals) any principle or power of ading, 
but as he is flrft aded on by fome motive, which he thinks 
is to determine his adions; and, in confequence of that, if 
two equal ways of ading were laid before God, he could 
choofe neither, but be like a balance a6led on by two equal 
weights, that would tuf4 no way. But at this rate God is 
not a free agent, but a mere patient. He reckons it am im* 
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perfeSiion in God to be able to choofe one out of two perfe<$l*» 
ly equal things; becaufe, he fays, there wants a fufficknt rea- 
fon, and therefore he can choofe neither. But it is certainly 
sl greater irnperfeBion to choofe neither than to choofe one. It 
is a principle with him that God muft have a fiifficient rea- 
fon; which is true : but it is God’s mere will that is the fuf- 
ficient rcafon. And how comes he to know what is a fuf- 
ficient reafon to a perfedlly free agent that has it in his power 
to do any thing ; as if man, who is no more than a worm in 
the creation, can p re fume to know what is fit tell to be done ? 

Sir Ifaac Newton has alfertcd, that all the great bodies in 
the world move in free fpace, which is unbounded and infinite ; 
that all bodies have pores or empty fpaces within them. 
But this author will notallow any vacuum, but will have the 
world be a ^evi’e<Si plenum ; and he tells us, alfo, that the world 
will continue for ever without any alteration (or mending): 
but h^as taken particular care to prevent that by introdiic- 
motions of the heavenly bodies inuft 
needs Ifc retarded, and loon flopt, in moving through denfe 
matter, though ever fo fluid ; fo that one of his fuppofi lions is 
inconfiflent with another, and nobody could more efledually 
dellroy his own hypothefis than he has done himfelf. He 
had had infinitely better chance for this fuppofition if he had 
made the planets, 8cc. to move in a vacuum. 

If God had defigned every thing to flagnate, and be fixed 
in the world, then a plenum feems to be the bell conflitution 
for that end; but as all the operations of nature are to be per- 
formed by motion, which, indeed, is the beauty of nature, 
then placing them in vacuo mull needs be the bell conflitution, 
as the motions will then be free and unrefifled, and the moft 
durable poflible; and therefore it is as necefiary to have a 
vacuum in which thefe motions are to be performed, as it is 
necefiary tp have hodp to perform thefe motions. 

The fame objedions be has made againll empty fpace he 
makes againfl time ; for wdth him fpace is no more than the or- 
der of co-exiflingbeings, and time the order of fucceflive ones ; 
but at this rate the words nearer or farther, fooner or later, 
fignify nothing ; yet both fpace and /^me are nieafured by 
quantity, and therefore are themfelves quantities, and confe- 
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quently real beings, which confutes his notions. And, indeed, 
common fenfe is enough to determine this ; for their exift- 
ence is felf-evident, even to the molt ignorant, and cannot 
be made more evident by all the arguments in the world. 
Arguments in fuch cafes ferve for nothing but perplexing 
things that are plain of themfelves, and are often brought for 
that purpofe. Adions and a vacuum are the firlt principles of 
the molt antient philofophy ; which is the lame thing as to lay, 
that God has made bodies, and room for them to a6t and move 
in ; for the whole world appears to our fenfes to be nothing 
but matter and motion. 

This learned philofophcr^s argument againlt empty fpace 
is this : every ptrfedion zvhicJi God could give to things, with-- 
out derogating from their other perfections, he has given them, 
Suppofe, tiun, an empty [pace, God could have placed matter 
in it (which is more excellent than empty fpace) ; therefore he 
has done it, and confequently there is no vacuum, 
fuppofes that there is no excellency orperfc6tion ataBmiDO- 
tion ; and fo this world-maker will not agree to leave any room 
or free fpace for bodies to move in; and in this he is as dog- 
matical as if he had been originally one of God Almighty's 
privy council. But, had he gone one Ilep farther, he would 
have feen the abfurdity of it; for God did not make the 
world to ftand Hill, but to move after various laws and rules ; 
and, confequently, when this acute philofopher fills the pla- 
netary regions with matter, he derogates from the perfections 
of the other bodies by dellroying their motion with his new 
matter; and in this cafe, and for this very purpofe, empty 
fpace is more excellent than matter. 

But the ignis fatuus that leads him afiray is the argument 
offl fujjicient reafon, when, at the fame time, he is no judge 
at all what is fufiicient. Yet this principle he brandillies 
about with no fmall oftentation and alTurance : but it is of 
no more ufe in his hands than the fword of Achilles in the 
hands of an infant. 


End of the Defence, 
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In jullice to the editor of this tranflation of Sir Ifaae 
Nczctons Principia, it is proper to acquaint the reader, that 
jt was with my confent he publiftied an advertifement, at 
the end of a volume of mifcellanies, concerning a fmall tradl 
which I intejidcd to add to his book by way of appendix ; my 
dcfign in which was to deliver fome general elementary pro- 
pofitions, ferving, as 1 thought, to explain and demonftratc 
the truth of the rules in Sir Ifaac Newton's Theory of the 
Moon. 

Th6 occafion of the undertaking w^as merely accidental ; 
for he Ihewiiig me a paper which 1 communicated to the au- 
thor, in the year 1717, relating to the motion of the nodes of 
the moon’s orbit, I recolleded that the method made ufe of 
in fettling the equation for that motion was equally appli- 
cable to any other motion of revolution. And therefore I 
thought that it would not be unacceptable to a reader of the 
Principia to fee the ufes of the faid method explained in 
the other equations of the moon's motion ; efpecially fincethe 
greatell; part of the Theory of the Moon is laid down without 
any proof; and fince thofe propoiitions lelating to the moon's 
motion, whicli are demonftrated in the Principia, do gene- 
rally depend upon calculations very intricate and abflrufe, the 
truth of which is not eafily examined, even by thole that are 
moll llvilful ; and which, however, might be eafily deduced 
froiu other principles. , 
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But in my progrefs in this delign, happening to find fe- 
veral general propofitions relating to the moon's motions 
which ferve to determine many things which have hitherto 
been taken from the obfervations of aftronomers ; and having 
reafon to think that the theory of the moon might by ihefe 
means he made more perfedt and complete than it is at pre- 
fen t, I retarded the publication of the book, till I could pro- 
cure due fatisfadlion by examining obfervations on places of 
the moon. But, finding this to be a work requiring a conii- 
derable time, not only in procuring fuch places as are proper, 
but alfo in performing calculations, upon a new method, not 
yet accommodated to pradlice by convenient rules, or aflifted 
by tables, I thought it, therefore, more convenient for the 
bookfeiler not to ftop the publication of his impreflion any 
longer upon this account. But that I may, in fomc meafure, 
fatisfy thofe who are well converfant in Sir Ijaac Newton's 
Principia (and I could wilh that none but fuch would look 
over thefe papers) that the faid advertifement was not with- 
out fome foundation, and that I may remove any fufpicion 
thatthe defign is entirely laid afide, 1 have put together, al- 
though in no order, as being done upon a fudden refuhition, 
fome of the propofitions, among many others, that I have by 
me, which feem chiefly to be wantmg in a theory of the 
moon, as it is a fpeculation founded on a phyfical caufe ; and 
thofe are what relate to the ftating of the mean motions. For 
^ilthoiigh it he of little or no ufe in uflronomy to know the 
rules for afcertaining the mean motions of the node or apogee, 
fince the fadl is all that is wanting, and that is otherwife 
known by comparing the obfervations of former ages with 
thofe of the prefent, yet in matter of fpeculation this is tlie 
chief and moft neceffary thing required ; fince there is no 
other way to know that the caufe is rigli^ly alligned but by 
fhewing that the motions are fo much and no more than what 
they ought to be. 

But that it may not be altogether without its ufe, I have 
added all the rules for the equation of the moon's motion, ex~ 
cept two ; one 6f which is a monthly equation of the variation 
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deJ)Onding on the moon’s anomaly; and the other an equa- 
tion arifing from the earth’s being not in the focus of the 
moon’s orbit, as it has been fuppofed to be, in all the mo- 
dern theories fince Horrox, 

For not having had time to examine over the obfervationS 
which are necefTary, but being obliged, inflead thereof, to take 
Sir Ifaac Newton’s theory for my chief guide and diredlion, I 
cannot venture to depart from it too far in edablithing equa- 
tions entirely new ; fince I am well allured, upon the bell au- 
thority, that it is never found to err more than feven or eight 
minutes. 

And, therefore, hoping that the reader, who confiders the 
fuuden occalion and neceflity of my publilliing thefe propo- 
rtions at this time, will make due allowance for the want of 
order and method, and look upon them only as fo many dif- 
tin($l rules and proportions not conneCled, I lhall begin, 
without any other preface, with (hewing the origin of that 
inequality which is called the Variation or Refledion of the 
Moon. 

The variation or refledion is that monthly in- The varUtioa 
equality in the moon’s motion, wherein it more ofthemoon. 
manifeftly differs from the laws of the motion of a planet in 
an elliptic orbit. Tycho Brahe makes this inequality to arife 
from a kind of libratory motion backwards and forwards, 
whereby the moon is accelerated and retarded by turns, mov- 
ing fwifter in the hrll and third quarter, and dower in the 
lecond and fourth, which inequality is principally obferved in 
the odants. 

Sir Ifaac Newton accounts for the variation from the dif- 
ferent force of gravity of the moon and earth to the fun, 
arifing from the different diflancesof the moon in its feveral 
afpeds. 

The mean gravity of the moon to the fun, he fuppofes, is 
fatisfied by the annual motion of the moon round the fun ; 
the gravity , of the moon to the earth, he fuppofes, is fatisfied 
by a revolution of the moon about the earth. But the dif- 
ference of the moon’s gravity to the fun, more or lefs than the 
earth gravity, he fuppofes, produces t«¥0 effeds ; for, as this 
0 3 
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difference of force may be refolved into two forces, one 
irig in the way, or contrary io the way. of the moon about 
the earth, and the other adting in the line to or from the 
earth, the firft caufes the moon to defcribe a larger or finiiller 
area in the fame time about the earth, according as it tends 
to accelerate or retard it ; the other changes the form of the 
lunar orbit from what it ought to be merely from the moon’s 
gravity to the earth ; and both together make up that in- 
equality which is called the variation. 

But fincc the real motion of the moon, though a fimpic 
motion caufed by a continual dofleclion from a llraight line 
by the joint force of its gravity to the fun and earth, thereby 
deferibing an orbit which inclofes not the earth but the fun, 
is yet confidered as a compound motion made from two mo- 
tions, one about the fun, and the other about the earth, be- 
caufe two fuch motions are requifite to anfwer the two forces 
of its gravity, if Icparately confidered ; for the very Aime 
reafon, the moon’s motion ought to be refolved into a tliird 
motion of revolution, fince there remains a third force to be 
fatisfied, and that is the force arifing from the alteration of 
the moon’s gravity to the fun. And this, when confidered, 
will require a motion in a finall ellipfis in the manner her® 
deferibed. 

The circle ADFH (Fig. 1) reprefents the orbit of the moon 
about the earth in the centre 'F, as it would be at a mean 
diftance, fuppofing the moon had no gravity to any other 
body but the earth » The diameter ATF divides that part of 
the orbit which is towards the fun, fuppolc ADF, from the 
partoppofitc to the fun, fuppofe AHF. The diameter at 
right angles HTD is the line of the moon’s conjundion with 
Of oppofition lo the fun. The figure PQLK is an ellipfis, 
whofe centre is carried round the earth in the orbit ABDEFH, 
having its longer axis PL in length double of the fliortcr axis 
QK, and lying always parallel to TD, the line joining the 
centres of the earth and fun. Whilft the faid figure is car- 
ried from A to B, the moon revolves the contrary way from 
Q to N, fo astofleferibe equal areas in equal times ahoul the 
centre of it 5 and to perform its revolution in the fume time 
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as the centre of the laid elliptic epicycle (if it may be fo 
called) performs its revolution; the moon being always in 
the remoter extremity of its iliorter axis ip Q and K when it 
is in the quarters, and in the neareft extremity of its longer 
axis at the time of the new and full moon. 

The Ihorter lemi-axis of this ellipfis AQ is to the diftance 
of its centre from the earth AT in the duplicate proportion 
of the moon’s periodical time about the earth to the fun’s pe- 
riodical time : which proportion, if there be revolutions 
of the moon to the liars in l60 lidereal years, is that of 47 to 


8400. 

The figure which is deferibed by this compound motion of 
the moon in the elliptic epicycle, whilft the centre of it is car- 
ried round the earth, very nearly reprefents the form of the 
lunar orbit; fuppofing it without eccentricity, and that the 
plane was coincident with the plane of the ecliptic, and that 
the fun continued in the fame plate during the whole revo- 
lution of the moon about the earth. 

From the above conftru6lion it appears that the proportion 
between the mean dillance of the moon and its greatell or 
leall dillances is eafily affigned, being fomethiiig larger than 
that which is affigned by Sir Ifaac Nez&ton in the 28th pro- 
pofition of his third book. But as the computation there 
given depends upon the folution of a biquadratic equation, 
affe6led with numeral co-efficients, which renders it impel- 
fible to compare the proportions with each other fo as to fee 
their agreement or difagreement, except in a particular ap- 
plication to numbers, 1 lhall therefore fet down a rule, in 
general terms, derived from his method, which will be exa6l 
enough, unlefs the periods of the fun and moon lliould be 
much nearer equal than they are. Let L be the periodical 
time of the moon, S the period of the fun, M the fynodical 
period of the moon to the fun, and D be the difference of 
the periods of the fun and moon ; then, according to Sir 
Ifaac Newtorh method, the difference of the two axes of th^ 
moon’s elliptic orbit, as it is contra<Sled by the a6lion of th^ 
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fun, is to the fum of the faid axes 3L X — 


to 


2 



TH* LAWS OP 


m 

4DD — * SS. But, according to the conftriidlon before laid 
down, the laid proportion is as SLL to 2SS — LL. 

By Sir Ifaac Newtotis rule, the difference will be to the 
fum nearly as 5 to 694 ; and confequently the diameters will 
be nearly as 689 to 699> or 69 to 70 : but, by the latter rule, 
the difference will be to the fum nearly as 1 to 1 19 ; and the 
diameters or diftances of the moon, in its conjundlion and 
quadrature with the fun, will be as 59 to 60. Dr. Ilallei/ 
(who in his remarks upon the lunar theory, at the end of 
his catalogue of the fouthern ftars, fiift took notice of this 
contrat^ion of the lunar orbit in the fyzygies from the phe- 
nomena of the mooii^s motion) makes the difference of the 
diameters to the fum as 1 to 9O; and confequently the 
greater axis to the leffer as 45{ to 44 

But the difference in thefe proportions of the extreme 
diftances, though it may appear conftderable, is not, however, 
to be diftinguiOied by the obfervations on the diameters of 
the moon, whilft the variations of the diameters, from this 
caufe, are intermixed with the otlmr much greater variations 
arifing from the eccentricity of the orbit. 

The angle of the moon’s elongation from the centre (Fig. 
1), deftgned by BTN, is properly the variation or refledfion 
of the moon ; the properties of which are evident from the 
defeription. 

Firji, It is as the fine of the double diftance of the moon 
from the quadrature or conjundlion with the fun ; for it is 
the difference of the two angles BTA and NTA, whofe tan- 
gents, by the conftrudlion, are in a given proportion. 

Secondly, The variation is, cateris paribus, in the dupli- 
cate proportion of the fynodical lime of the moon s revolution 
to the fun ; for the variation is in proportion to the mean 
diameter of the epicycle, and that is in the duplicate pro- 
portion of the fynodical time of revolution. 

The greateft variation is an angle whofe fine is to the ra- 
dius as the differjence of the greateft and lead diftances TQ 
and TL, that is, 5AQ, to their fum. According to the pro- 
portion of thqiifaes before deferibed, this rule makes the elon- 
gation near minu^s ; which would be the variation, fup- 
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^ofing the moon performed its revolution to the fun in the 
time of its revolution round the earth ; but if that elongation 
of 29 minutes be increafed in the duplicate proportion of the 
lynodical time to the periodical time of revolution, it will 
produce near 34 minutes for the variation. 

It is to be noted, that what is faid of the epicycle, is upon 
fuppofition that the earth’s orbit round the fun is a circle : 
if the eccentricity of the annual orbit be confidcred, the mean 
diameter of the epicycle muft increafe or diminiih recipro- 
cally in the triplicate proportion of the fun’s diftance. 

The conftruiition which I communicated The method of 
to Sir Ifaac Nezc'ton for the annual motion filfenn^^ny rcvolu- 
of the nodes of the moon’s orbit (which is 
printed in the fclioliuin to the 33d propofition of his third 
book) is a cale of a general method for (liewlng the inequa- 
lity of any motion round a centre, when the hourly motion 
or vclocily of the objed varies according to any rule, de- 
pending on its afped to fome other objedf ; for in any re- 
volution the mean motion and inequality arc to be afligned 
by means of a curvilinear figure, wherein equal areas are de- 
feribed about the centre in equal times ; the property of 
w'hich figure is, that the rays from the centre are always re- 
ciprocally in the fubdii[)licate proportion of the hourly mo- 
tion or velocity about the centre. 

Thus in the figure deferibed in my conftru6lion (Fig. 2), 
where TN Is the line of the nodes, TA the line drawn to the 
fun, is fuppofed to revolve round the centre T, with the ve- 
locity of the fun’s motion from the node; and the ray TB, 
which is taken always in the fubduplicatc proportion of that 
' velocity, will deferibe equal areas in equal times; fo that the 
fe6lor NTB wdll be the mean motion of the fun, the fedor 
JsTA the motion of the fun from the node, and confe- 
qucntly the area NAB the motion of the node, which will be 
a retrograde motion if the area be within the circle, and di- 
if it falls without. From whence it follows, 

1. That the periodical time of the. fun’s revolution to the 
node will be to the periodical time of ti)^ fun’s revolution 
as the area of the curvilinear figure t> the area of the circle. 
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9, That if a circle be defcribed, whofe area is equal to tlfe 
area of the curvilinear figure, it will cut that figure in the 
place where the fun has the mean motion from the node. 

S. If an angle MTF be made, which (hall comprehend an 
area in the faid circle, equal to the fedlor NTB in the figure^ 
that angle will be the mean motion of the fun from the node. 
And, confequently, 

4. The angle hTB, which is the difference between the 
fun’s true motion from the node, defigned by ATN, and the 
fun’s mean motion from the node, defigned by FTN, will be 
the equation for the fun’s motion from the node, when the 
fun’s pofition to tlie node is defigned by the angle ATN. 

From all which it appears, that what is faid of the fun’s 
motion from the node will hold as to any other motion round 
a centre; as of the fun from the moon, or the moon from 
the node or apogee. In any fuch revolution a curvilinear 
figure may be deferibed about the centre, by the areas of 
which the relation between the mean and true motion may 
be (hewn ; and, confequently, the inequality or equation of 
the motion. 

And as in every revolution there is a certain figure which 
is proper to (liew this relation, fuch a figure may be called an 
equant for that motion or revolution. 

And in every revolution where the equant is a figure of the 
fame property, the inequalities or equations will alter accord- 
ing to the fame rule. 

Thus, if the equant be an ellipfis about the centre, as in 
that for the motion of the fun from the node, 

FirJij The mean motion in the whole revolution will be a 
geometrical mean proportional between the gredteft motion 
in the extremity of the lelTer axis and the lead motion in 
the extremity of the longer axis ; for the radius of the circle, 
which is equal to an ellipfis, is a mean proportional between 
the two fetni-axes. 

Secondly f The tangents of the angles of the mean and true 
motion are in the given proportion of the two axes of the el- 
lipfis. Thus the*4ngcntsOf the angles of the true and mean 
motion of llie .futt Iiode, viz. the tangents of the 
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»ingl€S ATN and ITN (Fig. CJ), are in proportion as the 
ordinates J3G find FGj that is, as the femi-axes 'i’ll and TIM. 

Thirdltfy The due of the angle oF the grcaldl: ineqiialitj 
in the odants is to tiic radius as half the lum of the axes to - 
half their dilVcrence. 

It is to be noted, that the equant is an ellipfis about the 
centre in every motion where the excels of the velocity , 
about the centre above the lead velocity is always in the 
duplicate proportion of the fine of the angle of the true mo- 
tion from the place wheie the velocity about the centre is 
lead. ITom which remark, upon examination, it svill appear, 
that the following motions are to be reduced to an elliptic 
equant deferibed about the centre. 

The monthly motion of the moon from the node; 

The annual motion of tlie fun from the node; 

The motion of the moon I'rom the fun iis it is accelerated 
nr retarded by the alteration of the area dclcribcLl about the 
earth, according to Sir Ijaac Nenion's prop. Scl book; 

And the annual motion of the fun from the a[)ogee. 11 o\t 
thefe fevcral equants arc determined will appear by what 
follows. 

The node is in its fvvifleft retrograde mo- Thpmotionof 
tion when the lun and moon are in conjunc- 
lion or oppolition, and in a quadrature with the line of the 
nodes. According to Sir Ijaac Neic to?i’s method (explained 
at the end of the thirjsielh propodlion of the third book)> the 
force of the fun to pioduce amotion in the node at this time 
is equal to three times the mean Iblar force; that is, by the 
conftrudion of the elliptic epicycle, equal to a force which 
. is to the force of gravity as SAQ to AT (Fig. 1), or three times 
the lefler femi-axis of the ellipfis to the diftance of its centre 
from the centre of the earth. But if the moon revolve in the 
elliptic epicycle as before deferibed, the force to mak^ a 
tion in the node at^the time mentioned will be to the forced®# 
gravity as sDL to DT, or three times the longer femi-axis? to 
the dittance of the centre; which is the double of th^ fotm^ 
force. But, then, according to Sir Ifaac*s i3ethod^!theilho- 
tion of the node at this time is to the ikon's 
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fdar force to oi‘e«'ile a motion in the node is to the forte of 
gravity. But if the moon be conceived as revolving in a cir^ 
cle, with the velocity of its motion from the node at this time, 
when the node moves fwifteft, and the plane of the faid circle 
be fuppofed to have a rotation upon an axis perpendicular to 
the plane of the ecliptic, and the contrary way to the motion 
of the moon, fo as to produce the motion of the node, and 
leave the moon to move with its own motion about the earth, 
the force to make a motion in the node feems to be the dif-* 
fcrence of the forces to retain it with the velocity of its mo- 
tion in the moveable and inimoveabre planes; but the veloci- 
ties of bodies revolving in circles arc in the fubduplicate pro- 
portion of the central forces. From whence it follows, that 

The motion of the moon from the node at this time, whin the 
node moves fiafteft, is to the motion of the moon in the fubdu- 
plicate proportion of the fum of the forces to the force of gravi- 
ty, or as the fum of TD and 3i)L /o TD. 

And this would be the greatcll motion of the node, upon- 
fuppofition that the plane of the moon’s orbit was almoft co- 
incident with the plane of the ecliptic; but if the inclination 
be conlidered, the motive force for the node muft be diminifli- 
ed in the proportion of the hnc-complemcnt of the inclina- 
tion to the radius. How much this motion is, will appear by 
the following fliort calculation. 

ThediftanceTD being, as before, equal to 8400, and sDL 
being 282, the inclination of the plane in this pofuion is 
4° 59' .35", the fine-complement of which is to the radius 
as 525 to 527 nearly; therefore the force of gravity is to the 
motive force for the node thus diminilhed in the compound 
proportion of 8400 to 282, and of 527 to 525, that is, in the 
proportion of 4216 to 141. So that the greateft motion of 
the moon from the node is to the motion of the moon in the 
fubduplicate proportion of 4357 to 421(5, that is, in the pro- 
portion nearly of 6 13 to 603. According to which calculation 
the greateft hourly motion of the node ouglrt to be 32" 47'". 
By Sir Ifaac Newton^^ method, it amounts to 33" 10'"f 

Thii is the (wifteft retrograde motion of the node, when 
lha liM of the nodc^is in a^quadrakurc with the fun, and tlie 
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moon is in its grcateft latitude in conjiin6lion or oppofition to 
the fun. But the equant for the motion of the moon from 
the node in this month, when the line of the nodes is in qua*, 
drature with the fun, is an ellipfis about the centre; un4 
therefore the mean motion in this month will be known by 
the following rule: 

The mean motion of the moon from the nodey in that mouth 
udien the line of the Jiodes is in a quadrature zvith the fun, is a 
geometrical mean proportional , hetzveezi the greatejl motion of 
the moon from the node and the motion of the moon. 

And therefore this mean motion will be to the motion of 
the moon in the fubduplicate proportion of 6 13 to 603, that 
is, nearly in the proportion of 1 <221 to 1211. So that the 
mean motion of the node in this month will be to the mo- 
tion of the moon as 10 to 121 1, which makes the mean hour- 
ly motion lO'' According to Sir Ifaac Newton, it 

{iinounts to If)" 35"; but, bv the correc^^lions which he after** 
wards ufos, it is reduced to ; ' 

Blit the equant for the annual motion of the fun fi-om the 
node being alfo an ellipfis, it follows, that 

The mean motion of the fun from the node is a geometrical 
mean proportional between the motion of the fun and the mean 
motion of the fun from the node in the month zchen the line 
of the nodes is in quadrature zvith the fun. 

How near this rule agrees with the obfervations, will ap- 
pear by this calculation. 

Since the mean motion of the node in that month when 
the line of nodes is in quadrature to the fun was before 
(hewn to be to the moon’s mean motion as 10 to 1211, and 
. the motion of the fun is to the motion of the moon as 160 to 
2139, it follows, that the motion of the node and the mo- 
tion of the fun will be in the proportion of 154 and 1395; 
and, therefore, by the rule, the fun’s mean motion from the 
node is to the fan’s mean motion in the fubduplicate pro 
portion of 1549 to 1395, that is, nearly as 98 to 93 ; which 
Correfponds with the obfervations, there being 93 reyolij'i- 
tion|of the fun to the node in 93 revolutions of the fun 
The fubduplicate proportion taken more nftirly is as h) 
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893 , which will produce 19 ° 21' 3" for the motion of the 
node from the fixed Ham in a lidereal year. The motion 
Qis obferved) is I 9 ® 21' 22". 

-^^ llad the calcululion from the rule been more exactly 
made in laige numbers, the annual motion produced would 
be Vf 21 ' wliich is 14" lefs than the motion, as ob- 
ferved by the aitionomcr^. 

Which dillcrence may very probably arife from the fun's 
parallax ; and, if lb, it may perhaps furnifh the bell and moH 
certain method of adjidting and fixing the true diftance of 
the fun. For the fun’s force being Ibmethiiig more on that 
half of the orb which is towards the fun than what it is on 
the other half, the elliptic epicycle is aeeoidingly larger in 
the firii: cafe than in the latter. And by ealculalion 1 find 
that the mean motion of the node, arihiig after con fide ra- 
tion is had of this difibiencc, is more than the mean motion 
from the mean magnitude of the ipicyele by near 2" in the 
vear, for every minute in the paralla6tic angle of the orbit of 
the moon, or for every feeond of the fun's parallax. And,-by 
the befi: eomputalion 1 have yet made, this cliirerencc of 14" 
in the annual motion of the node will arife from about 8" 
of parallax ; whicli will make the fun’s diftance above 26000 
femi-diameters of the earth. 

In like manner as the equant for the motion of the node 
in that month when the line of the nodes is in quadrature 
with the fun is an ellipfis, fo in any other month it is alfo 
anellipfis; the motion of the node being diredl and retro- 
grade by turns, in the moon's pafling from the quadrature to 
the fun to the place of its node, and from the place of its node 
to the quadrature. 

But tiicfe elliptic equantsdo not only ferve to fljew the' 
The inclination inequality of the motion of the node, but alfo 

ofthe plane of the * ' 

ihodn’s orbit to the the inclination or the plane ot the moon s 
the eciip- plane of the ecliptic. Thus the 

rayt in the elliptic equants, for the motion of the moon 
ffote the node in each month, defign the inclinations of the 
plltne of its orbit to the plane of the ecliptic in the feveral 
fefiieiSlive politio^s of the moon to tlie line of the nbdes^ 
And tliq I’tiys of the q^iptic equant for the annual motion oj 
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the fun from the node, in my con{lru6lion (in the fchol. to 
prop. 33, book 3, of Sir Ifaac Newtons Pri?idpiaJ, deCign tlio 
different mean inclinations of the faid plane to the plane of 
the ecliptic in each month, when the fun is in each refpe6live 
ufpc6f to the line of the nodes. 

Thus if NT (^Fig. 2) (the feini-tranfverfe axis of the ellip- 
tic equant for the motion of the fun from the node) defiga 
the mean inclination of the plane, or, which is the fame 
thing, if it rcprelent the mean diftance between the pole of 
the ecliptic and the pole of the moon’s orbit, in that month 
when the fun is in the line of the nodes, TH, the feini-con- 
jugate axis of the faid cllipfis, will dehgn the mean incli- 
nation, or mean diftance of the poles in that month 
when the line of nodes is in quadrature to the fun; 
and TB, any other femi-diameter of the faid ellipfis, 
will reprefent the mean diftance between the faid poles, 
when the fun is in that afpecT to the line of nodes 
which is deligned by the angle NTA. For example, 
iHl^he leaft inclination defjgned by the ftioit femi-axis TH 
be 5® 00' 00" ; fince TH is to TK as the motion of the fun 
to the mean motion of the fun from the node, by the 
properly of this equant; and fince there are 98 revolutions of 
the lull to the node in 93 revolutions of the fun ; it fol- 
Jows, that UK, the difference between the greateft and 
leaft of the mean inclinations in the feveral months of the 
year, is to TH, the leaft, as 5 to 93 ; by which proportion 
the faid diftbicnce will amount to l6’ 10". According to 
8ir Ifaac Newton’s computation, in the 35th prop, of the 
third hook, it is l6' 23"|. But if the faid number be leffened 
in the proportion of 09 to 70, acccording to the author’s 
note at the end of the 34th prop, the faid difference will be*- 
come 1 G' 9' - 

And in like manner the inclinations of the plane of the 
moon’s orbit, in that month when the motion of the node is 
fwifteft (being fituated in tile llTle of quadratures with the 
fun), are determined by the equant for the motion of the 
moon from the node in that month. 

Thus, leiTH betoTN (Fig.2) in the fubdtrplicate proportion 
of the moon is motion to its greateft t^mtioii froAi the node, 
^ ^heti the moon is in the conjundiyn in Til ; that is^?ts was be- 
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fore determined), let TH be to TN in liic proportion of Ojn 
to 1221 ; and the ellipfis defcribcd on the feini-axrs Til and 
TN will be the c(jn:int for the motion of the moon from the 
node in that month. And the rays of the faid cejunnt will 
dcfign the iticl I nations of the plane in the feveral al ped'^ ol 
the moon to the line ot the nodes; that is, i(' TN be the 
inclination ot the plane, or the diftance of llic pole of the 
ecliptic fiom the pole of the inoonN orbit, when the moon 
is in 'J’N, the line of the nodes, the ray Tli will reprefent the 
dillance of the laid poles, or the inclination of the plane, in 
that afpeiT which is dcligncd by the angle NTB. 

Which being laid dowm, it follows that the whole variation 
of the inr'iimilion, in the time the moon moves from the 
line of the nodes to its (|uadratiire in TllK, is to the hadt 
inclination as Kll to 'I’ll, that is, as 10 to 1211. W here- 
fore if the Icadr inclination he 4^ ;3<)' the whole varia- 
tion will b(' 2' 2<yh I'his is upon fuppohlion that the fun 
continued in the fame pofition to the line of the nodes 
during the lime that the moon moves from the nodi' to its 
rjuadrature. But, the fuiTs motion piotracting tlie time of 
the moonN period to the fun in the proportion of i:j to 12, 
the variatirm rnuft he ineieaied in the fame jiropoilion, and 
will therefore be 2' 4lT According to Sir IJ'aac \cK'lo)i\ 
computation, as delivered in the coiollaiics to the Sltli pio[). 
of the dd book, tor hating tins grealcft variation (the inter- 
mediate vaiiations in this or any other month not being com- 
puted or (hewm by any method),’ it amounts to 2' But 

if the faid cpiantity he diminithed in the propoition of 70 to 
()(), aceordim^ to his note at the end of the laid propofiiion, 
it will become the fame precilcly as it is here dciivcd from 
the cquant. 

The motion of tlie moon from the fun, as it is accelerated 
nf'^the ar'cri'e- retarded by the increment of the area de- 
tcriU.t by the' ferihed about the earth (according to the 2 {)th 

moon about the f , - i v • ir i' 7 t 

pro[). ot the'.^d book), is alio to be reduced to 
an elliptic etpiant, by taking the lliorter axis to the longer 
axis in the fulxjuadruplicate proportion of the force of the 
uioouN gravity rA/clie earth to the faid force added to three 
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tirKl^s the m(?ft|)io)«u: foxoe, that is^.as 3’4iE^,l) to.% firi^f 
threevn^iean proportionals betMfeen 5 % 4 ¥f 

in the famo ppportion is tjip ^vpa ^4efcr%4,hy 
abQ,nt ^the ea*:tb^ \yhm hi quadrature .wjth, the fun,.^ 
mean area?# or as the mean area to jtJm^^-e'Te^defqribed 
iyzygies : fo^thal; the greateft area m , 4^ fy^ygies^is tp 
leaft in the quadratures in the fuMuplioate proportion 
TA^^ SAQvto’ TA, 01 ’ as V^iSiT to>/840i» 
fuppohtion that the moon revolves^to: the fun in the 
time as it revolves about the earth ; which will befbmid to 
agree very nearly with Sir i/auc jVec2?<au^s computation in 
the before-cited propofition. 

The CTotioft of after the fame manner an elliptic 

the apogee. equant might be conftru(^ed, which would 
very nearly (hew the mean motion of the apogee, according 
to the rules delivered by Sir Jfaac Newtmi (in the corollaries- .' 
of the 4dth prop, of the firft book) for (biting the motion of 
the ?atK)gee, namely, by taking the greateft retrograde 
motion of the apogee from the force of the fun upon the 
moon in the quarfeere, and the greateft diredl motion from 
the force of the fun upon the moon when in the conjundion 
or oppofition ; each according to his rule, delivered in the 
fecond corollary to the faid propofition. And if an elliplis * v 
be made whofe axes are in the fubduplicate proportion Of ^ v, 
the mqpn’s motion from the apogee, when in the faid fwifteft 
dire£l fend retrograde motions, the faid eliipfis will beneati^jf^l' 
the equant for the motion of the moon from the ape^ee^ 
will be found to be nearly of the form of that above forthe^f ;^ 
increment of the area. '■ '■ ' 

■ But the motion of the apogee, according to this melhoi, Ml 
willhe found to be no more than l^3f tn therevolnliohj^ ■ 
of the moon frmn apogee to apogfeei 
ob%V'fittions> ought' tp be '' 

Sottii^itfeems there is more fol^ to accouif^ 

for ti|^id|otion'^ofthe 
the vjkridlioifcf.of «tbe 

■ '.Pi, 
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But if the caufe of this molion be fuppofed to arife fjoirl 
the variation of the moon’s gravity to the earth, as it revolves 
round in the elliptic epicycle, this difference of force, which 
is nearly double the former, will be found to be fiifficicnt to 
account for the motion, but not with that e.\a6i;nef3 as ought 
to be expeded. Neither is there any method that I have 
ever yet met with upon the commonly received principles 
wdiich is perfc<^lly fufiicient to explain the motion ot tli(‘ 
moon’s apogee. 

The rules which follow' concerning the motion of the apo- 
gee, and the alteration of the eccentricity, are founded upon 
otbcT principles, which I may have occafion hereafter to 
explain, it being, as I apprehend, impoHible to derive tbefe, 
and many other fuch propolitions, from the hws oi centripe- 
tal forces. 

Let TC (Fig. 1) (in the above conftruc^ion of the lunar 
orbit) be the mean diftance of the moon, or half the futn ol 
itsgreatefl and leaft dillances, viz. TQ and TL; and let CL be 
the mean femi-diameter of the elliptic epicycle, or half the 
fuin of the fenii-axes ; and take a diltance LM, on the other 
fide towards the centre, equal to CL ; then 

The mean motion of the moon from its apogee is to the mean 
motion of the moon in the fnbduplicate proportion of TM 
to TC. 

For example ; half the fliorter axis or DC is 23| ; therefore 
TC the mean diftance is SdTfil; CM or 2CL, the fum of 
the femi-axes, is 141 ; fo thatTM is 82S5|. Wherefore the 
motion of the moon from the apogee is to the motion of the 
moon in the fubduplicate proportion of 8235i to 8370‘f, or 
of i(i471 to lG7o3, that is, nearly as 117 to 118, or more 
nearly as 352 to 355; or yet more nearly, as 1877 to 1893 ; 
fo that there ought to be about iG revolutions of the apogee 
in 1893 revolutions of the moon; which agrees to great pre- 
cilenefs with the mod r'od^in numbers of altronomy, accord- 
ing to which proportion the mean motion of the apogee 
in a fidereal year ought to be 40° 40' 40F'. But, by the 
numbers in Ifaac Newton*ii thleory of the moon, the faid 
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rnolion is 40^^ 40' 43". According to the numbers of Tycho 
Brahe, it ought to be 40° 40' 47". 

The mean motion of the apogee being Hated, I find the 
following rule for the alteration of the eccentri- The variation 

of the eccentri- 

city. city. 

The Icafi eccentricity is to the mean eccentricity in the duplu 
cate proportion of the fun^s mean motion from the apogee of 
the moons orbit to the funs mean motion. Or in the dnpli^ 
cate proportion of the periodical time of the funs revolution 
to the mean periodical time of its revolution to the moon's 
apogee. 

By the foregoing rule for the mean motion of the 
apogee there are l6 revolutions of the apogee in 1893 
revolutions of the moon; but there being <2.54 revolutions 
of the moon in IQ revolutions of the fun, there mull 
be about? revolutions of the apogee in about 62 revolutions 
of the fun, or rather about 20 in 177. ‘So that the periods 
of the fun to the ftars, and of the fun to the moon’s apogee, 
are in proportion nearly as the numbers 157 and 177. The 
duplicate of which proportion is that of 107 to ISf); which, 
according to the rule, ought to be the proportion of the leafl 
eccentricity to the mean eccentricity. 

So that by this rule the mean eccentricity (or half the fura 
of the greatefl and lead) ought to be to the difference of the 
mean from the leaff (or half the difference of the greatefl and 
the leaft), as 130 to GQ. 

How near this agrees with the obfervations, will appear 
from the numbers of Mr. Horrox, or Mr. Flamfted, and of 
^li’.Ifaac Newton. 

The mean eccentricity, according to Mr. Flamfiei, or Mr. 
Ilorroxyh 0.055236; half the difference between the greatefl 
and leaft is 0.011617; which numbers are in the proportion 
of 135| to 28i nearly. ^ 

According to Sir IJaac Newton, the mean eccentricity is 
0.05505; half the difference of the greatefl and leaft is 
O.Ol 173 ; which numbers are in proportion nearlj^^s 135J| to 
each of which proportions is very,^ear Oiat i^bovc 
^ffigned, , 

P 2 
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But it is to be noted, that the rule which is here laid 
down is true only upon fuppofition that the eccentricity is 
exceedingly final). There is another rule derived from a differ- 
ent method, which prefuppofes the knowledge of the quan- 
tity of the mean eccentricity ; and which will not only deter- 
mine the var iation of the eccentricity according to the laws 
of gravity with greater cxadlnefs, but ferve alfo to corred an 
hypothefis in the modern theories of the moon, in which their 
greateh error feems to confift ; and that is, in placing the earth 
in the focus of that ellipfis which is deferibed on the extreme 
diameters of the lunar orbit ; whereas it ought to be in a 
certain point nearer the perigee, as I may have occahon to 
explain more fuliy hereafter. 

The greatcfl and lealt eccentricity being determined, the 
equant I'or the motion of tlic lun from the apo- The equation 

gee is an ellipfis whofc greater and leffer axes the apogee, 

are the greateft and leaff eccenlricilies; and, therefore, by the 
property ot' fuch an equant as before laid down, 

The fine of the greakjl cqucilion of the apogee will be to the 
radius as the difference of the axes of the equant is to their fum; 
that isj as (he difference of the greateji and leaf eccentricities to 
their fum. 

For example ; fince the difference is to the fum as GQ to ISd, 
by what was determined in the foregoing article, the greatell 
equation of the apogee will be about 12° 18' 40". Sir Ifaac 
Newton has determined it from the obfervations to be 12° 18'. 

The greateft and leaft eccentricities being determined, the 
eccentricity and equation of the apogee, in any given afped ot 
the fun, are determined by the equant in the following man- 
ner. 

Let TN be the greateft eccentricity, TH (Fig. 2) the leaft ; 
the ellipfis on the femi-axes TN and TH the equant for the 
' motion of the apogee..^ . ' 

„ Then if the angle NTF be made equal to the mean dif- 
tanc4 or mean motion of the fun from the apogee, the angle 
NTB will ht- the true diftance or motion of the fun from the 
apoger, the diff^ence BTF the equation of the apogee ; and 
the TB thf eccentricity of the orbit, in that afped 
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fun to the apogee defigned by the angle NTB. Hence ariles 
this rule; 

The tangent of the mean cUjlance, xiz. NTF, h to the tan- 
gent of the true dijiance MTB in the given proportion of the 
greateji eccenhkitp TN to the leaf TH, that is, as 1()5 
to 107. 

From what has been laid down concerning the general pro- 
perty of an equant, that it is a curve line defcribecl about the 
centre,, whole rays are reciprocally in the fubdiiplicate pro- 
portion of the velocity at the centre, or the velocity of revo- 
lution, it will not be diliicultto deferibe the proper curve for 
any motion that is propofed ; and where the inequality of the 
motion throughout the revolution is but fmall, there is no 
need of any nice or fcrupulous exa6lnefs m the (juadrature of' 
the curve for Ihewing what the equation is. Thus all the 
fmall annual equations ol‘ the moon’s motion arihng from the 
different diftances of the fun, at different times of the year, 
may be reduced to one rule cxacT enough for the puipofe. 

For fince the fun’s force to create thefe annual alterations 
is reciprocally in the triplicate proportion of the dillanee, the 
rays of thecqiiant for fueh a motion will be in the fefquipli- 
catc proportion of the dillanee. From whence it will not be 
difhcull to prove, that, if the revolution of the motion to be 
equated were performed in the time of the fun’s revolution, 
the equation would be to the equation of the fun’s centre 
nearly as H to 2 : and fo if the force decreafed as any other 
power of the fun’s diflance, fuppofe that whole index is m, 
the equation would he to that of the fun’s centre as m to 2. 
But if the motion be performed in any other period, the equa^t 
lion will be more or lefs in the proportion of the period of 
the revolution to the fun to the period of the revolution of 
the motion to be equated. Thus if it were the node or apogee 
of the moon’s orbit, the equation is to the former as the pe- 
riod of the fun to tl^e nodeor^ogee to the period of the 
node or apogee. Which rule m^e^ie greatell equation for 
the node about 8' 56", being a fmall matter lefs llum that in 
:6ir Ifaac Neioto.n’s thaory \ and the greatell equation for the 
P 3 
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apogee about 21' 5T, being fomethiiig larger than that in the 
fame theory. 

The like rule will ferve for the annual equation of the 
moon’s mean motion. If, inftead of the equation for the 
fun’s centie, another fmall equation be taken in proportion 
to it as the force, by Sir Ifaac Newton called the mean fohu 
force, to the force of the moon’s gravity, or as 47 to 8400, 
the faid equation increafed in the proportion of the fun’s 
period to the mean fynodical period of the moon to the fun, 
or of 99 to 8, will be the annual equation of the moon’s mean 
motion. According to this, the equation, when greateft, 
will be 12' 5". 

What is faid may be fufficient for the prefent purpofe, 
which is only to lay down the principal laws and rules of the 
fevcral motions of the moon, according to gravity. Some 
other propofitions, which feem no Icis nceclfary than the 
former for completing the theory of the moon’s motion, as 
to its;al^|^nomical ufe, 1 referve to another time. 

But, to make fomc amends for tlie fliortncfs and con- 
fufeclnefs of the preceding propolitions, I lhall add one ex- 
ample to hicw the ufe of the e<jiiant more at large, in what 
is commonly called the folution of the Keplcrian problem , 
that being one of tbe things which I propofed to explain, 
>vhcn the elements for the theory of tiie moon were ad- 
vertifed. , 


A 71 Example of the Ufe of the Efiuarit in finding the Equa^ 
iion of the Centre, 

LET the figure ADP (Pig. 3) he the orbit in which 
a body revolves, deferibing equal areas in equal times by lines 
drawn from a given point S; and let it be propofed to find 
tbe equant for the apparent motion of the faid body about 
any other place within the orbit, fuppofe P. 

Let there be aline FK indefinitely produced, which revolves 
with the body as it moves through the arc All ; and in th<- 
Oiid line take a dillaqce Fp, which fiiall be to FTJ, the 
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tliflance of the body from tlie given point F, in the fubdu- 
plicate proportion of the pcrpendicuhir let full upon the tan- 
gent of the orbit at R from the point S to the perpendicular 
on the faid tangent let fall from the given point F ; and the 
curvilinear figure, deferibed by the point p, fo taken every 
where, will be the equant for the motion of the body about 
the point F. 

For fince the areas deferibed at the diflances Fp and FR 
are in the duplicate proportion oi‘ thofe lines, that is, by the 
conflruclion, in the proportion of the perpendiculars on the 
tangents let fall from S and F, the areas which the body de- 
feribes in moving througb the arc AR about the points S 
and F are in tbc projiortion of the fame perpendiculars; and 
therefore the area deferibed by the revolution ot the line Fp 
in the figure will be etpial to that which is deferibed by the 
revolution of the line SR in the orbit. So that the areas de- 
feribed in the figure will be equal in equal times, as they are 
in the orbit; and, confequently, the rays Fp of the figure 
will conflantly be in tlie lubduplicatc proportion of the velo- 
city of the motion, as it appears at the centre F, which is the 
property oFthe equant. 

From which coulirudion it will be cafy to fliew, that, in the 
cafe where a body dclcribes equal areas in equal times about 
a fixed point, there may be a place found out within the 
orbit, about which the body will appear to revolve with a 
motion more uniform than about any other place. 

Thus, fuppofe the orbit ADP was a figure, wherein the re- 
nioteft and neareft apfes A and P were diametrically oppofitc 
in a line palling through the point S, viz. the point about 
which the equal areas arc deferibed ; then if the point F be 
taken at the fame diflance from the reniotefl; ajifis A as the 
point S IS from the iicarett apfis P, tlie faid ccntie F will be 
the place about which the body will appear to have the moll 
uniform motion ; for in this the point F will be in the 
middle of the figure LpDl, whicITts^he equant for tlie mo- 
tion alJout that point ; fo that the body will appear to move 
about the centre F as fwift when it is in its Howell motion in 
P 4 
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the remoter apfis A as it does when it is in its fwiftell motion 

in the neareft apfis P. 

Por^ by the conllru(5tion, when the body is at A, the ray 
of the equant FL is a mean proportional between AF and 
AS ; and when the body is at P, the ray of the equant FI is a 
mean proportional between the two diftances PS and PF, 
which are refpe^lively equal to the former. 

And in like manner, in an orbit of any other given form, a 
place may be found about wdiich the motion is mofl re- 
gular. 

If what has been faid be applied to the cafe of a body re- 
volving in an elliptic orbit, and deferibing equal areas in 
equal times about one of the foci, as is the cafe of a planet 
about the fun, and a fecondary planet about the primary one, 
it will ferve to fhew the foundation of the feveral hypothefes 
and rules which have been invented by the modern aftrono- 
mers for the equating of Inch motions, and likcwife fliew how 
far each of them are deficient or iinpcrfcd. 

For if the ellipfis A DP be the orbit of a planet deferibing 
equal areas about the fun in the focus S, the other focus, fup- 
pofe F, will be the place about which the motion is mofl re- 
gular, from what has been already faid ; that focus being at 
the fame diftance from the aphelion A as the fun at S is from 
the perihelion P. And, by the confiru6tion, each ray. (Fp) 
of the equant will always be a mean pro[)ortional between FK 
and Its, the two diftances of the planet from the two foci, in 
that place where the ray Fp is taken ; for the rays SR and 
BF, making equal angles with the tangent at R, by the pro- 
perty of the ellipfis, are in the propen tion of the perpendi- 
culars from S and F, let fall on tliofe tangents. And, there- 
fore, Fp being to FR in the fubduplieate proportion of SR to 
FR, it will be a mean proportional between thofe diftances. 

1. Hence when the planet is in the aphelion A, or perihe- 
lion P, the rays of the equ^-nt FL and FI are the fhortelt, 
each being equal to Ctfy the lefTer femi-axis of the orbit; for, 
by the property of the ellipfis, the redlangle of the extreme 
diftances from the focus is equal to the fquare of the lefter 

femi-axis'. 

• ’ 
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2. When the planet is-at its mean diftance from the fun in 
D or d, the extremities of the lefler axis^ the equant cuts 
the . 01 bit in the fame place ; the rays of the equant being 
then the longed, being each equal to the greater femi-axis 
CA. For in thofc points of llie orbit the diftances from the 
loci and the mean proportional are tlie fame. 

From which form of the equant it appears, 

1. That the velocity of the revolution about the focus F 
diminirties in the motion of the planet from the aphelion or 
perihelion to the mean didance, and incrcafcs in pading 
from the mean didance to the perihelion or aphelion; lor the 
rays of the cejuant inereafe in the fird cafe, and diminifli in 
the latter ; and the vc'locity ol‘ rcvohil’on increates in the du- 
plicate pioporlion, as the rays diminidi. 

2. In any place of the oibit, fuppofe R, the velocity of 
the revolution about the focus F is in proportion to the mean 
velocity, as the recdangle of the femi-axes of the orbit CD 
and CA to the reclangle of the focal didanccs RF and KS ; 
for the equant and the orbit, being figures of the fame area, 
aic each C([ual to a circle whofe radius is a mean proportional 
between the two femi-axes CD and Cx^. Rut the mean mo- 
tion about the focus F is in thole [ilaces where the laid circle 
cuts the equant ; and in other places the velocity of the re- 
volution is reciprocally as the Iquarc of the didance, that is, 
reciprocally as the recfanglc of the focal didances RF 
and RS. 

3. So that the planet is in its mean velocity of revolution * 

about the focus F in four places of tlie orbit, that is, where 
tlie rectangle of the focal didances is equal to the redangle 
of the femi-axes; whicli places in orbits nearly circular, lucli 
as thole of the planets, are about 43 degrees from the aphe- 
lion or perihelion ; but may be adigned in general, if need 
be, by taking a point in the orbit, fu[)pore R, whofe neared 
didance from the Iclfer axis orbit CD is to the longer 

femi-axis CA in the fubduplicale proportion of tlje longer 
axis to the fum of the two axes; as may be calily proved. 

What has been faid may be enough to J|iew the form of 
fbe equant, and the manner of the motion abou]: the tipper 
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focus in general ; but the precifo determination of the in- 
equality of tlie motion requires th^ knowledge of the quadra- 
ture of the feveral fe6tors of the equality or, at lead, if any 
other method be taken, of that which is equivalent to fucli a 
quadrature. 

There are divers methods for dievving the relation between 
the me in and true motion of a planet round the fun, or round 
the other focus, feme more oxatl than others ; but the fol- 
lowing feems the moil pioper for exhibiting in one view all 
the feveral hypothefes and rules which are in common life in 
the modern allronoiny, v\ hereby it may eahly appear how 
lar tliey agree or diOer from cat'h other, and liow much each 
of them errs from the precife dclcriiiination of the motion, ac- 
cording to the true law of an equal defeription of areas about 
the run. 

Upon the centre V deferibe the ellipfis LNl, equal and 
fi mi lar to the elliptic oibit A HP, but having its axes FN 
and FL contrarily pofited, tliat is, the fliorter axis LF lying 
in the longer axis of the orbit AP, and the longer axis FN 
parallel to the fliorter CD. Let the focus of the faid ellipfis 
be in f ; and fuppofe two other ellipfes LBl and Lfl to be 
drawn upon the common axis LI, one pafling through the 
])oint B, where the perpendicular FN inlerfec^s the orbit, and 
the other through tlic focus f. Let the line FR, revolving 
with the planet in the orbit, be indefinitely produced, till it 
^ interfed the firft ellipfis LNl (which was finiilar to the orbit) 
m Q, the cquant in p, and the ellipfis LBl (drawn through 
the interfedion B) in K. From the point K let fall KH per- 
pendicular to the line of apfides AP, and let it be produced 
till it interfed the firft ellipfis LNl in O, and the ellipfis Lfl 
(pafling through the focus f) in E ; and, laflly, in the ellipfis 
LNl let OM be an ordinate equal and parallel to Eli. In 
which conftrudion it is to be noted that the ellipfes Lfl and 
LBl are fuppofed as drawn^oa';^ to divide the line OKH in 
given proportions, that KH may be to OH as the /atus 
re Stum of the orbit to the tranfverfe axis ; and that EH or 
GM, the bafe of the elliptic fegment GLM, may be to OH 

the diftjjrfce of the foci to the tranfverfe axia. 
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Whicli being premirc tl, it will be cafy to prove that the 
fedor pFL in ilie cquanl, or^ which is the lame thing, the 
Icdor RSA in the orbit, is equal to the curvilinear area 
OKFMG, that is, equal to the elliptic ledor QFL, deduding 
tile fogment LMG, and adding or fubduding the trilinear 
fpace QKO, according as the angle UFA is lels or greater 
than a right angle. Wherein it is to be noted that thele ligns 
oF addition and Fubdudion arc to be uFed in general, if the 
angle AFR is taken From the aphelion in the hrll femi-circle, 
but towards the aphelion in the latter fcrni-cirele ; but if the 
angle AFR be taken the fame way ihioughoul the whole re- 
volution, as is the method in ahronomical calculations, then 
the Fegmcnt and the trilinear fpaee in the latter femi-circle 
niuft be taken with the contiary figns to what are laid 
down. 

Hence it appears that the inequality in the motion of a 
planet about the upper focus F' coidills of three parts. 

1, Tlie lirli and principal of which is tlic inequality in the 
alteration of the angle QFL in making equal areas in the cllip- 
fis LM (Fig. .S) ; for if a circle ecpial to the elliplis be defciibcd 
upon the centre Ig bnee the radius (being a mean jiropor- 
tional bcLwcen the two feuii-axcs) will fall without the cllipfis 
about the lino ofap{id(‘s, and witliin it about the middle 
diftances, the angle QFL, whi(‘h is proportional to the niea 
deferibed in the circle, will therefore increafe fafter about the 
line of apfides, and llowcr about the middle diftances, in de- 
fcriblug equal areas in the ellipfts, tlian it ought to do in the 
liy[)oLhcfis of Biftiop H ard, who makes the planet revolve uni- 
j'ormly about tiie foeus. The equation to rectify this in- 
equality is determined by the following rule. 

The tangent of the angle QFL is to the tangent of the angle 
in the cii'cle including the fame area astlie longer axis of the 
ellipfjs to the lliortcr axis; and the diftcrence of the angles 
wliofc tangents are in this m-oporlion is the equation ; as is 
m an i left from what was before Lhn on the properties of au 
elliptic equant. From the fame it alfo follows, that, 

1. The greateft equation is an angle whole fine is 
fadius as the difference pf the axes to thoirTCfm, -'or, w^ioh is 
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tlie Tame thing, as the fquare of the diflance of the foci to the 
fquarc of half the fam of the axes. So that in ellipfes iiearlv 
circular, of different eccentricities, this greatell equation 
will vary nearly in the duplicate proportion of the eccen- 
tricily. 

2. In ellipfes nearly circular, the equation at any given 
angle QFL is to the greatell equation nearly as the fine of the 
" double of the given angle to the radius ; which follows from 
hence, that the 'equation is the dilfercncc of two angles 
whole tangents are In a given proportion, and nearly equal. 

o. This ecjualion adds to the mean motion in tlie hilt and 
third quadrant of mean anomaly, and lubduels in the fccond 
and fourth; as\\ilj eafily appear from that the line QF, in 
deferibing equal areas in the ellipfes, maix('s the angle to the 
line of the apfules Ich acute than it would be in an unilbuu 
revolution. 

This is tlie equation which is accounted for in the hypo- 
. thefis of BuIIialdus ; for he fupjiolcs the motion of the planet 
in its orbit to be lb regulated about the upper focus, that the 
tangents of the angles, from the lines of aiifides, Ihnll always 
be to the tangents of the angles anfwering to the mean ano- 
maly in the proportion of tlie ordinates in tlic clliplis to the 
ordinates in the circle circumlcribed ; which in elfcd is the 
fame as if he had made the true equanl for its motion about 
the focus F to he the clH[>ris as above tieferibed. 

The fame equation is allb ufed by Sir Ifaac Newton in his 
folutiOn of the Keplerian problem, in the icholium to the 
Sift prop, of the ill book, and is there ddigned by the 
letter V. . 

^ But fincc the true equant LDl coincides with the elliptic 
eqiiant in lhe,extremities of the Ihortcr axis at L and 1, and 
fails within the fame at its intcrfeblion with the longer axis 
FN, it follows, that the motion of the planet in the lemi- 
circle about the apbclion is fwifter than according to the hy- 
pothecs of 'an ecjual' defc^iption of areas in the elliplls LN1„ 
and for the fame reafon flower in the other femi-circle about 
the perihelion; the velocity about tlie centrp F being always 
reciprocally* in ^ne duplicate proportion of the diftance* 
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Wliich leads to the fecond part of the ioequality the 
motion about the focus* ^ ‘ 

IL The equation to rcdify this inequality is an angle an^ 
fwering to tlie fcgmenl GLM ; which angle is to be added 
to the mean anomaly, to make the area of the elliptic 
fedor QFLf 

I’liis angle or equation is determined by the following rule. 
Let R be an angle fubtendcd by an arc equal in length to 
the radius of the circle, viz. 57,21)578 degrees ; and let A be 
an angle whofe fine is to the radius as GM, the bale of the 
fegmcnt, to FN, the feiiii-tranfverfc axis; alfo let B be au 
are in proportion to R, as the fine of the double of the angle 
A to the radius : then the equation for the legnieiit will be 
equal to A — 

This C(jualion is at its maximum when the angle LFQ is a 
right angle ; the bnle of the fegment becoming equal to Ff, 
half thedifiance of the foci ; and the angle A, being in this 
cafe half the, angle I'DS formed at the extremity of the leller 
axis, and lublcnded by FS, the diltance of the foci ; vvdiich 
is commonly called the grcaiclt equation of the centre. And, 
confequently, the arc B, in this cafe, is to 11 as the fine of 
the faid grealell equation of the centre is to the radius. So 
that, according to this rule, for the mcafure of the fegment, 
it will follow, that, 

1. This grcutefi equation is in proportion to the greatefl 
equation of Bulllaldus, as found in the preceding article for 
the elliptic eqiiant, nearly as three times the traufverfe axis 
to eight times thedifiance of the foci.' Or, otherwife, the 
greatefl equation is to the angle defigned by R as twice the 
cube of the dillancc between the foci to three times the cube 
of the tranfverfe axis. Either of which rules may be derived 
from the true angle, as before determined ; or by taking J of 
the redangle of GM and LM, the bafe and height of the 
, fegment, for the meafure of thari’egment. 

So that in elliptic orbits nearly circular this greatefl equation 
for the fegment is in the triplicate proportion of the ec- 
centricity. ^ 
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2. This equation at any given angle QFL is to ilic greatefl 
equation in the triplicate proportion of the ordinate OH to 
the feini-lranfvorfe; that is, nearly as the cube of the fine of 
the mean anomaly joined to tlic double of Iht/liahius^ equa- 
tion to the cube of the radius. For the fegmenl GiM L, which 
is proportional to the equation, is in the triplicate proportion 
of its bafe nearly ; and the bafe is proportional to the ordinate 
OH, by the conftrudion. 

But the ordinate OH (in a eirclc defciibed upon thcradiu^? 
FN) becomes the line of an angle whole tangent is to tlie 
tangent of the angle QFL in tlic proportion of the traiifveife 
axis to the conjugate ; hut the tangent of tlie fame' angle 
QFL is to the tangent oi the mean motion anfwering to the 
area of the elliptic cquant QFL in the fame j)roportion. So 
that the ordinate OH is to the fine of that angle of mean 
motion in the duplicate of the faid [iroporlion ; and confe- 
qucntly the ordinate OH, in the circle on the radius FN, is 
the fine of an angle nearly equal to the mean anomaly joined 
to the double of JJtilllalduH's equation. 

.q. This equation adds to the mean motion in pafling from 
the aphelion to the perihelion, and fubduds in pafTing from 
the perihelion to the aphelion ; as is evident from thetranlit 
of the point of inlerfcdion E round the periphery of the ellip^ 
fis Lfl. 

In Sir Ifaac rule (in the bclore*citcd fcholium to 

the 3lft prop, ift book) the angle X anfwcrs to this equation 
for the fegment; excepting thut it is there taken in the tri- 
plicate proportion of the fine of the mean anomaly, inftead 
• of the triplicate proportion of the ordinate OIL The error 
of this rule makes, 


III. The third part of the inequality, anfwering to the 
trilineav fpnee OKQ, being the ditferenee of the elliptic fedor 

OFO nrirl llir* trumcrlp 



ference of two angles whofc tangents are in the given pro- 




■ edum FB and the femi-tranfverfe 
oportion of the lefTcr axis to the 
this ledor, when at a maximui^, 
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is as an angle whole line is to the radius as the difference 
of the latus retiuni, and tranfvcrfe to their fum ; or as the 
difference of the ffjuares of the femi-axes to theil’fum. 

The triangle OFK is proportional to the re6tartgle of the 
co-ordinates OH and HF; that is, as the redangle of the 
line OH and its coffne, in the circle on the radius FN; or 
as the fine of the double of that angle whole fine is OH; 
that is, the double of the angle whofe tangent is to the tan- 
gent of the angle QFL in the given ratio of the greater to the 
JelTer axis; or whole tangent is the tangent of the angle of 
mean motion anfvvering to the elliptic fedor QFL in the dupli- 
cate of the f.iid ratio. But this triangle OFK, when at a 
maximum, makes an angle of mean motion which is to the 
angle called R as BN, half the difference between the latus 
reHum and tranlVerfe axis, is to the double of the Iraiifvcrfe 
axis. 

So that the fedor or triangle in orhih iK^arlv circular is 
always nearly e([ual to the double of equation. 

The triangle and fedor being thus determined, the equa- 
tion for the trilinear fpace is accordingly determined. From 
what has been faid, it appears, that, 

1. This equation for the trilinear fpace OKQ is to that for 
the triangle OKF in a ratio compounded of BN, the dd- 
ference between the fern i- Iran fverfc and feini-lalus ivdum 
to the Icmi-lalus redum, and of the duplicate [iiopoi Lua oi 
the fine OH to the radius; or OKQ is to OKI' in a 

tion compounded of the duplicate proportion oj the (hlbme** 
of the foci to the fquarc of the leller axis, and the dujiiieate 
proportion of the line OH to the radius; for ike trilinear 
figure OKQ and the triangle OKF are nearly as OK aijd 
KH, which are in that proportion; and confequeutfy it holds 
in this proportion to the double of cqui,.tiun. 

2. This equation, in different angles, is as the content 
under the fine complement aiKl-Uie cube oi' llie fine; for 
the triangle OKF is as the rcdangle of tlie fine and the fme 
complement. 

J. It is at a maxinium at an angle whofef^ine ^omjdeuient 
is to the radius as the %uare of the greater axil is to the 
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fum of the fquares of the two axes; which in orhits nearly 

circular is about’60 degrees of mean anomaly. 

4. In otj^, of different eccentricities it increafcs in the 
tjnadrupriolte* proportion of the eccentricity. 

5. ft obferves the contrary figns to that for the elliptic 
equant, called Builialdus's equation ; lubduding from the 
mean motion in the fiift and third quadrants, and adding in 
the fecond and fourth, if the motion is reckoned from the 
aphelion. 

The life of thefe equations in finding the place of a planet 
from the upper focus will appear fiom the following rules, 
which are cafily proved from uhat has been faid. 

Let the equal to CA the femi-tranfverfe, c equal to FC the 
diflance of the centre from the focus, b equal to C D the femi- 
conjiigate, and R an angle fublcnded by an arc equal to 
the radius, viz. 57^ 17' 44" 48'", or 57,295779^ degrees. 

Take an angle T = g R; E = ^ T; S = ^T. 

Tbe angle T will be the greateft equation for the triangle 
OFK ; the angle S will be the greateft equation for* the 
fcginent LMG ; and the angle E will be the greateft equa- 
tion for tbe area OKFL, Which greateft equations being 
found, the equations at any angle of mean *Ainomaly will l>e 
determined by the followi.'ig rules. 

Let M be the mean anomaly; and let t be to T as the 
fine’ of the angle 2M to the radius: in which proportion, as 
alfo in the following, there is no need of any great exadnefs, 
it being fnfficient to take the proportions in round numbers. 

Take e to E as the fine of 2M ± 2t to the radius; and ? 
to ^ as the cube of the fine of M ± t to the cube of the radius. * 

Then the angle QFL is equal to M + e -P s, in the firfl 
quadrant LN ; or M : — e + s, in the fecond quadrant NI ; 
or M + e — s, in the third quadrant: or M — c — s, in 
the fourth quadrant. 

Kote, That the fmall equation t is always of the fame 
fine yith the, eq uation e; and in the cafe of the planets 
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The angle PcFA at the u|)f)er focus J' being known, the 
angle ]{SA at the liin in the other focus is lonnd by the coin- 
jiion nile onblliojj Hard; viz. llic tangent onialF the angle 
fbSA is to he to the tangent of ball the angle ]{bA always 
111 the given piopoi lion of the [leiihelion cliltanec SP to the 
aphelion dittanee S/\. How thele equations are in the feve- 
lal eceentriciLies of the nioon\ oibit, will a^ipear by the lollow- 


Tecrnti . ; Ik j 

S. 

0.0 10 

1 *^^3 

Of) 

0.0 15 

1.4.3 

1.3 

0.0.‘)0 

2.00 

17 

0.0.)5 

2. .36 

2.1 

O.ObO 

.3.0t) 

30 

0.06.) 

3..38 

.38 

0.070 

4.1 1 1 

d7 


'fo add one exanqile : I’uppofe the eeeentiieity O.OGO, the 
mean anomaly qtP. The line of the double of the mean 
anomaly, that is, the line of bO, is to the radius iieaily as 87 to 
100; whenee, if the equation E rr 3' {){)' be divided in that 
propoition, it will produce 40"' nearly for the equation e : 
the fine of M is, in this eale, equal to 4 the ladius, the cube 
In t of the cube of (In; radius; wbenee if the equation S z: 
be divided in tin* fame proportion, it will produce near T' lor 
the ecpiation s. 'I'liereloie the angle Ui^'A, wliieh is M -f 
c + s, will be 30'^ 2' d f'; and the half is 13° P 22"' : wheic- 
foie if the tangent of this angle be diminifiied in the [uopor- 
tion of l.Ofi, the aphelion dilfance, tofjl, the perihelion 
ditlanee, it will produee the tangent of 13° 23' 13"; the 
double of wdiieli, 2(i° 4(>' 26", is the true anomaly or angle 
at the fun USA. And eonleqneiitly the equation of the (tii- 
tie is 3° 13' 34" to be fubducied, at 30 degrees mean ano- 
maly. 

When the place of a planet by this or any other 

method, the place may be correded to anydegiec of exad- 
nefs by the common propcity of ihccquant, viz. that the rays 
aic roeiprocally in the duplicate proportion (d’ the \eloeity^ 
about the ceiitre; for in this cafe, if time be u tliAereiicc 

VuL. 111. Q 
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between the mean motion belonging to the angle aflumcd at 
the upper focus and the given mean motion, the error of the 
angle alfuined is to the difference as the rectangle of the femi- 
axes to the redaugle of the diltances from the foci. But in 
orbits like thofe of the planets the rules as they are delivered 
above are fufficient of themfelves, witliout farther corre6tioii. 


POSTSCRIPT. 

UPON reviewing thefe few flieets after they were 
printed off, which happened a little fooncr than I cxpc6k*d, 

1 fear the apology I have offered for delivering the piopofi- 
tions relating to the moon’s motion in this rude manner, 
without giving any proof of them, or lb much as mentioning 
the fundamental princi[)les of their demonffration, will fcarce- 
Jj pals as a fatisfac^tory one; efpccially fincc there arc 
among thefe propolitioiis fome which, Iain apt to think, 
cannot eafily be proved to be either true or falfe by any 
methods which arc now in common ufe. 

Wherefore to render fome fatisfadion in this article, 1 
fhall add a few words concerning the principles from whence 
thefe propolitions and others of the like nature are derived; 
and allb take the opportunity to fubjoin a few remarks 
which ought to have been made in their proper places. 

Firji, There is a law of motion, which holds -in the cafe 
where a body is deflected by two forces tending conftautly to 
two fixed points ; 

Which is, That the hodi/, in fuck a cafe, will deferibe, fy 
lines drazen from the tzvo fixed points, equal folids in equal 
times about the line joining the j aid fixed points. 

The law of Kepler, that bodies deferibe equal areas in 
equal times about the j^gntre of their revolution, is the only 
general principle in tUe modern do6lrine of centripetal forces. 

But fince this law, as Sir Jjaac Nercton has proved, cannot 
|iold, whenever a body has a gravity or force to any other 
than /Re' ^d the fame point, there feems to be wanting 
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feme fucli law as I have here laid down, that may ferve to 
explain the motions of the moon and latellites, which have a 
gravity towards two different centres. 

It follows, as a corollary the law here laid down, that if 
a body, gravitating towards two fixed centres, be fuppofed, 
forgiven fiiiall intervals of time, as moving in a plane pafling 
through one of the fixed centres, the inclination of the faid 
plane to the line joining the centres will vary according to the 
area deferibed ; that is, if the area be greater, the inclination 
will be lefs; and if the area be lefs, the inclination will be 
greater, in order to make the folids equal. 

This corollary, when rightly applied, will ferve to explain 
the variation of the inclination of the plane of the moon’s 
orbit to the plane of the ecliptic. 

And how extremely diflicult it is to compute the variation 
of the inclination in any particular cafe, without the know- 
ledge of Ibme fuch principle as this is, will bell appear, if any 
one confider tbc intricacy of the calculations ufed in the 
corollaries to the 34th prop, of the third book of the Principia, 
in order to ftatc the greatell quantity of variation in that 
month when the line of the nodes is in quadrature with the 
fun, and that only in particular numbers, whereby it is deter- 
mined to be 2 ' 43''. 

Whereas, there is a plain and general rule in this cafe^ 
which follows from what is laid down, though not immedi- 
ately; namely, that the greatell variation in the faid pofi- 
lion of the moon’s orbit is to the mean inclination of the 
plane as the dillerence of the greatell and Icall areas deferibed 
in the fame time by the moon about the earth, when in the 
conjundlion and in tlic quarters, to the mean area. 

VV hcreforc if S be to L as the fun’s period to the moons 
period, the greatell area is to the leall as VS!S + 3LL to S, or 
3LL 

S + to S nearly, by what is hiid on this article 

in the 208th page. So that the difference of areas is to the 
mean area as |LL to SS + |LL; and in the fame propor-* 
tioii is the greatell variation of the inclination of the plane 

Q ^ 
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in this month to the mean inclination, which agrees nearly 
with Sir Ifaac's computation. 

Secondly y There is a general method for afifigning the laws 
of the motion of a body to and from the centre, abftradly 
confidered, from its motion about the centre. 

The motion to and from the centre is called by Kepler a 
Jibratory motion; the knowledge of which feeins abfolutely 
requifite to define the laws of the revolution of a body, in 
refpe^l of the apfid^s of its orbit. 

For the revolution of a body, from apfis to apfis, is perform- 
ed in the lime of the whole libratory motion ; the apfides 
of the orbit being the extreme points wherein the libratory 
motion ceafes. 

So that, according to this method, the motion of a body 
round the centre is not confidcred^as a continued defledlion 
from aftraight line, but as a motion compounded of a circula- 
tory motion round the centre, and a redlilinear motion to or 
from the centre. 

Each of which motions require a proper equant. Of the 
cquant for the motion round the centre 1 have already given 
feveral examples; and in the cafe of all motions which are 
governed by a gravity or force tending to a fixed point, the 
real orbit in which the body moves is the equant for this 
motion. In all other cafes it is a different figure 

The cquant for the libratory motion is a curve line figure, 
the areas of which lerve to Ihew the time wherein the feveral 
fpaces of thq libration are performed. 

Which figure is to be determined by knowing the law of 
the gravity to the centre ; for the libratory force to accelerate 
or retard the motion to or from the centre is the difference 
between the gravity of the body to the centre and the centri- 
fugal force arifing from the circulatory motion. But the 
latter is always under one rule ; for in all revolutions round a 
ccnti'e, in any curve ^lio^ whether deferibed by a cen- 
tripetal force or not, the centrifugal force is diredlly in the 
duplicate proportion of the area deferibed in a given fmall 
time, and r^iprocally in the triplicate proportion of the 
which is an immediate cunfcquence of a known 
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propofilion of Mr. Huijgem, The like proportion alfo holds 
as to the centripetal force in all circular motions, from a 
known propofition of Sir Ifaac Neicton. But what is true of 
the centripetal force in circles is univerfally true of the other 
force in orbits of any form. 

So that by knowing the gravity of the body, fince the 
other force is always known, the diflerence, which is the 
nblblute force to move the body to or from the centre, will 
be known ; and from thence the velocity of the motion, and 
the fpace defcribed in any given time, may be found, and the 
equant delcribed. Thefc hints may be fullicient to flicvv what 
the method is. 

To add an example. If the gravity be reciprocally as the 
fquare of the diftance, the equant for the libratory motion, 
will be found to be an ellipfis limilar to the orbit, whofc 
longer axis is the double of the eccentricity : the centre of 
the libratory motion, that is, the ])lace where it is fwifteft, 
will be in the focus ; the time of the li brat ion through the 
feveral fpaces is to be meafured by fedors of the faid ellipfis, 
fiinilar to thofe defcribed by the body round the focus of the 
orbit ; and the period of the libratory motion will be the fame 
with the period of the revolution. 

Ill any other law of gravity, the equant for the libratory 
motion will either be of a form different from the orbit, or, 
if it be of the fame form, it muff not be fimilarly divided. 

[ may Juff mention that the equant for the libratory mo- 
tion, in the cafe of the moon, is a curve of the third kind, or 
whofc equation is of four dimcnfions; but is to be defcribed 
by an elliphs, tlie centre of the libration not being in the 
. focus. 

From this method of relblving the motion it will not be 
dilhcult to Ihew the general caufes of the alteration of the 
eccentricity and inequality in the motion of the apogee j for 
when the line of apfides is moving^ towards the fun, it may 
be eafily fliewn, that, linee llie external force in the apffdes 

then centrifugal, it will contribute to lengthen the-fpace 
and time of the libration : by lengthening thg fpa efe. it in- 
creafes the eccentricity ; and by lengthening thel^e of the 
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libration, it protra(?lstlie tinne of the revolution to the apfis, 
and caufes what is improperly called a motion of the ' apfis 
forward. But when the line ot aplidcs is moving to the qua** 
dratures^ the external force in the apfidcs is at that time cen- 
tripetal, whicli will contribute to fhorten the fpace and time 
of libration ; and by Ihortening tlie fpace will thereby lellen 
the eccentricity, and by fliortening the time of libration will 
thereby contiad the time of the revolution to the aplis, and 
caufc what is improperly called a retrograde motion of the 
apfis. 

1 rtiall only add a few remarks, which ought to have been 
made in their proper places. 

As to the motion of the moon in the elliptic epicycle (p. 1 08), 
it flionld have been mentioned, that tlicre is no need of any 
accurate and perfed defeription of the curve called an cllipfis, 
it being only to (liew the elongation of the moon from the 
centre of the epicycle, which doth not require any fuch ac- 
curate defeription. 

It fliould have been faid (Fig. 1), that when the moon is in 
any place of its orbit, fuppofc foiiiewhere at N, in that half of 
tlie Dibit which is next the fun, it then being nearer the fun 
than the earth, lias thereby a greater gravity to the fun than 
the earth : which excefs of gravity, according to Sir Ifaac 
^ezetOHS method, confifts of two parts ; one ading in the 
line PsV, parallel to that which joins the earth and i’un, and 
the other ading in the line VB dire^led to the earth ; and 
thel’e two forces, being compounded into one, make a force 
direcled in the line NB, which is in proportion to the force 
of gravity as that line JSB is to TB nearly. Wherefore as 
there is a force conftantly impelling the moon fomewhere . 
towards the point B, this force is fuppofed to inflc6l; the mo- 


tion of the moon into a curve line about that point ; for the 
ity of it to the earth is fuppofed to 
qwv^ line about the earth : not that 
have lb many dillind motions, but 
f the moon round the fun is fuppofed 
ou of thefe feveral motions. 
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Tn the laft article on the finall annual equations (page 213)/ 
thefe rules ought to have been added. 

Let il'l be the e(|Uiitioti of the fun's centre ; P the mean 
periodical time of tlu^ node or apogee ; S the mean fynodical 
time of the fun’s revoUitiou to the node or apogee : then will 
SS 

ZE be the annual equation of the node or apogee, accord-* 

iiig as S and P are expounded. 

The like rule will ferve for the annual equation of the 
moon’s mean motion. If S be put for tlic fun’s period, P for 
the mean fynodical period of the moon to the fun, and L for 
the moon’s period to the flars, the annual ecpiation of the 

moon s mean motion wdl be -r:-. ZE. 

According to thefe rules, when expounded, the equation 
for the node will he found to be always in proportion to the 
equation of the fun’s centre, nearly as 1 to 13; 

The equation of the apogee to the equation of the fun’s 
centre as 10 to 53 ; 

And the equation of the moon’s mean motion to the fame 
as 8 to 77. 

It may be tbrougbout obferved, that tlie propofilions are 
in general terms, fo as to ferve, mutatk mutandis, for any 
other fatcllite as well as the moon. 

There might have been feveral other obfervations and re- 
marks made in many other places, had there been futiieicuit 
time for it ; but, perhaps, wbut I have already laid may be 
Uo much, confidcring the manner in wbieh it is delivered. 
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